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CHAPTER      IV. 

Genus  III,     Acids. 

CIDS  are  diftinguiflied   by  their 
four    tafle,     when    diluted    with 
watery  they  redden  vegetable  co- 
lours.    Many  acids   exift  in    the 
gafeous  form  ;  they  unite  with  great  rapidity 

to 

*  It  may  be  proper,  in  this  place,  to  remind  the  reader, 
that  the  prelent  work  is  divided  into  four  parts ;  the  firft, 
confifting  of  eight  chapters,  contains  general  facts  and  ob- 

fervations 
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2  ACIDS, 

to  alkalis;  their  adlion  on  inflammable 
fubftances  is  much  ftronger  than  that  of  the 
laft  mentioned  falts,  and  moft  commonly 
reduces  them  to  the  ftate  of  bodies  which 
have  been  burned.  As  inflammable  matters, 
more  efpecially  metallic  fubfl:ances,  are  found 
to  contain  a  large  quantity  of  pure  air  after 
having  been  fubjedted  to  the  acSion  of  acids, 
while  the  acids  themfelves  become  converted  , 
into  combufl:ible  bodies  ;  it  may  be  con- 
cluded, that  this  genus  of  falts  is  much  lefs 
fimple  than  has  hitherto  been  thought,  and 
that  they  are  in  general  compofed  of  inflam- 
mable matter,  combined  with  the  oxyginous 
principle  or  bafis  of  vital  air,  according  to 
the  opinion  of  Mr.  Lavoifier.  All  the  phe- 
nomena in  chemiflry  tend  to  confirm  this  i 
theory.  -  i 

We  are  acquainted  with  fix  Tpecies  of  mi-     \ 
neral  acids,  very  different  from  each  other  :      | 

The  cretaceous  acid. 

The  marine  acid. 

The  fparry  acid. 

The  nitrous  acid. 

The  vitriolic  acid. 

The  acid  of  borax,  or  fedative  fait. 

fervations  relating  to  chemiflry ;  the  fecond  contains  the 
mineral  kingdom,  or  mineralogy ;  the  third  contains  the 
chemical  hiftory  of  vegetables  ;  and  the  fourth  that  of  2(ni- 
mal  fubftances. 

The  mineralogical  part  is  divided  into  three  fe£lions. 
The  hrft  exhibits  the  phyfical  and  chemical  chara(£ters  of 
earths  and  flones ;  the  fecond  fcclion  relates  to  faline  fub- 
flances,  or  the  fubjedl:  with  which  we  are  at  prefent  occu- 
pied.— Note  of  the  Author. 

Species 
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Species  I.     The  Cretaceous  Acid. 

We  give  the  name  of  cretaceous  acid  to 
that  which  was  originally  called  fixed  air  by 
the  Englifli;  mephitic  acid  by  Mr.  Bewly^ 
mephitic  gas  by  Macquer^  and  aerial  acid 
by  Bergman.  Mr.  Lavoifier  now  calls  it 
carbonaceous  acid. 

This  acid  has  not  always  been  confidered 
as  fuch.  Its  leading  properties  were  perceiv- 
ed by  Paracelfus,  Van  Helmont,  Hales,  tec* 
but  it  is  to  Black,  Prieflley,  Bewly,  Berg- 
man, and  the  Duke  de  Chaulnes,  that  we  are 
indebted  for  the  certain  knowledge  of  its 
acidity.  The  name  of  cretaceous  acid  agrees 
very  well  vv'ith  this  fubftance,  becaufe  it  is 
contained,  in  very  large  quantities,  in  chalk; 
and  there  is  no  other  body  v/ith  which  it  has 
fo  ftrong  an  attinity,  as  with  the  lime  which 
compofes  the  bafe  of  this  earthy  fait. 

The  cretaceous  acid  poffeffes  all  the  more 
obvious  qualities  of  air,  andexiflis  in  the  atmo- 
fphere  of  which  it  is  afmallpart.^  Itisfound 

*  Mr.  Lavoifier  concludes,  from  his  ingenious  experi- 
ments, that  atmofpheric  air  confifts  of  vital  air,  cretaceous 
acid,  and  mephitis,  ufually  in  the  following  proportions : 
Vital  air,         -  -         -         -  27 

Cretaceous  acid,         -         _         _  j 

Atmofpheric  mephitis,         -         -  72 

Total  -  -  ICD 

A  2  difengaged 


4  CRETACEOUS    ACID. 

difengaged  and  in  a  ftate  of  purity  in  fub- 
terraneous  cavities,  as  in  the  grotto  del  cane, 
&c.  It  exifts  in  a  ftate  of  combination  in 
a  great  number  of  natural  bodies,  fuch  as 
mineral  waters,  and  feveral  neutral  falts : 
great  quantities  are  produced  in  the  fpi- 
rituous  fermentation;  it  is  likevvife  pro- 
duced in  the  procefles  of  refpiration,  and 
of  the  combuftion  of  charcoal ;  .and  laftly^ 
all  the  parts  of  plants,  more  efpecially  the 
leaves,  continually  emit  it  while  in  the  fhade. 
This  acid,  though  elaftic  and  tranfparent, 
differs  greatly  from  air,  even  in  itsphyfical 
properties  ;  its  fpecific  gravity  is  double  that 
of  air  :  hence  it  may  be  poured,  like  other 
denfe  fluids,  from  one  veffel  to  another;  and 
for  this  reafon  it  flows  out  of  the  cock  after  a 
cafk  of  wine  has^  been  drawn  off.  Its  tafte  is 
brill:,  and  fubacid ;  animals  which  refpireit 
die  inftantly;  and  all  bodies  in  a  ftate  of 
combuftion  are  extinguiftied  by  being  plung- 
ed in  this  fluid.  It  colours  the  tincSure  of 
turnfole  with  a  clear  red;  which,  however, 
difappears  by  expofure  to  air,  in  proportion 
as  the  acid  evaporates.  It  does  not  alter  the 
colour  of  violets,  becaufe  its  adlion  is  too 
feeble  to  produce  a  fenfible  change  in  deep 
and  fixed  colours. 

The  elective  attraftions  of  this  acid  are  in 
general  very  weak,  as  it  yields  to  every  other 
acid  :  it  fuffers  no  change  by  expofure  to 
light,  or  at  leaft  the  change  is  too  fmall  to 
be  perceived. 

Heat 
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Heat  dilates  this  fluid,  without  changing 
it  in  any  other  refpedl. 

It  mixes  with  pure  or  vital  air,  But  with- 
out combination;  and  forms  a  mixture  which 
may  be  refpired  for  a  certain  time,  provided 
the  cretaceous  acid  do  not  exceed  the  third 
part  of  the  whole  :  it  may  be  adminiftered 
in  this  manner  as  a  remedy  for  diforders  of 
the  lungs. 

It  combines  with  water,  though  flowly. 
When  thefe  two  fluids  are  agitated  together, 
and  their  furfaces  of  contad:  are  by  that 
means  multiplied,  they  unite  more  readily, 
and  form  a  liquid,  which  may  be  called  acid 
fpirit  of  chalk.  Bergman  calls  this  folution 
aerated  water;  but  this  name  may  be  with 
equal  propriety  applied  to  water  containing 
true  air,  by  way  of  difl:inguifhing  it  from 
water  which  has  been  deprived  of  that  fluid 
by  ebullition.  Water  diflblves  a  greater 
quantity  of  acid  the  colder  it  is ;  but  this 
folution  is  limited  to  a  certain  quantity  :  the 
coldefl:  water  cannot  abforb-  more  than  its 
own  bulk  of  cretaceous  acid.  * 

The  acid  fpirit  of  chalk  is  fomewhat 
heavier  than  diftilled  water ;  it  fparkles  when 
agitated  ;  its  tafl:e  is  briflc  and  acidulous  ;  and 
it  reddens  the  tindlure   of  turnfole.     Heat 

*  Water  fubjecled  to  prefTure  takes  up  a  larger  quantity 
of  this  acid,  in  proportion  as  the  preiTure  is  greater;  hence 
it  fhould  feem,  that  the  acid  may  exift  in  the  pores  of 
v/ater  without  lorins:  its  elaftic  form.     T. 

A  3  decompofe3 
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decompofes  this  combination,  by  driving  ofF 
the  elaftic  acid.  The  contad:  of  air  produces 
the  fame'Vffed:  the  more  quickly,  as  its  tem- 
perature is  higher.  It  is  neceffary,  there- 
fore, for  the  prefervation  of  this  liquid,  that 
it  fhould  be  kept  in  a  cool  place,  in  well- 
clofed  vefTels,  or  under  a  ftrong  compreffion. 

This  acid  fpirit  of  chalk  is  abundantly 
found  in  nature,  where  it  conftitutes  acidu- 
lous and  gafeous  waters.  Such  as  thofe  of 
Pyrmont,  Seltzer,  &c. 

As  this  acidulated  water  is  a  remedy  pro- 
per to  be  ufed  in  putrid  diforders,  both  in- 
ternally and  externally,  philofophers  have 
contrived  various  apparatus  for  fpeedily  im- 
pregnating water,  with  the  whole  quantity 
of  cretaceous  acid  it  is  capable  of  diilblving. 
A  procefs  for  acidulating  water  was  firfl 
publillied  by  Dr.  Prieflley,  in  the  year  1772. 
Dr.  Nooth  has  invented  a  machine  for  pro- 
ducing this  efFeft,  which  has  been  fince  fuc- 
ceffivcly  improved  by  Mr.  Parker  and  Mr. 
Magellan.  This  is  at  prefent  to  be  met  with 
in  all  philofophical  laboratories.  A  good  de- 
fcription  and  engraving  may  be  feen  in  the 
fifth  volume  of  Prieftley's  experiments. 

The  cretaceous  acid  does  not  iitl  on  fili- 
ccous  earth.  It  is  well  known  that  this 
earth  does  not  cryftalize  in  acidulated  water, 
as  was  afferted  fome  years  ago. 

The  cretaceous  acid  unites  with  clay,  pon- 
derous 
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derous  earth,  and  magnefia,  and  forms  fe- 
veral  kinds  of  neutral  falts. 

A  combination  of  this  acid  with  the  fo- 
lution  of  lime  in  water,  is  conftantly  at- 
tended with  a  phenomenon,  which  forms  a 
criterion  of  the  prefence  of  this  acid ;  when 
it  comes  in  contaft  with  the  lime-water, 
white  clouds  are  immediately  produced, 
which  increafe  in  bulk,  and  form  a  very 
abundant  precipitate.  Thefe  clouds  arife 
from  the  combination  of  the  cretaceous  acid 
with  the  lime,  with  which  it  forms  chalk ; 
a  compound,  which  being  fcarcely  at  all 
foluble  in  pure  water,  falls  to  the  bottom : 
lime-water  is  therefore  a  teft  for  diftinguifh- 
ing  the  nature  and  quality  of  the  acid  we  are 
treating  of.  If  an  additional  quantity  of  the 
acid  be  added  after  the  precipitate  is  formed, 
this  excefs  will  caufe  it  to  difappear,  by  a 
fecond  folution.  Chalk  diffolved  in  water, 
by  a  fuper-abundance  of  the  cretaceous  acid, 
is  precipitated  by  boiling,  by  expofure  to  air, 
and,  in  a  word,  by  every  procels  which  can 
take  away  this  excefs.  Hence  it  is  that 
cauftic  fixed  alkalis,  poured  into  a  folution 
of  chalk,  by  excefs  of  the  cretaceous  acid, 
precipitate  the  chalk  by  abforbing  that  ex- 
cefs. 

Spirit  of  chalk,  or  acidulated  water,  pour- 
ed into  lime-water,  produces  exactly  the 
fame  efFedt. 

The  cretaceous  acid  combines  rapidly  with 
A  4  the 
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the  three  alkalis.  If  a  fmall  quantity  of 
cauftic  fixed  alkali,  in  a  liquid  ftate,  be  put 
into  a  veflel  full  of  this  acid  obtained  from 
chalk,  or  taken  from  the  furface  of  a  vat  of 
beer  in  a  ftate  of  fermentation,  and  the  ori- 
fxce  of  the  veflel  be  quickly  clofed  with  a 
wetted  bladder,  the  vtflel  being  then  moved 
in  fuch  a  manner,  as  that  the  liquid  alkali 
may  be  fpread  over  its  internal  furface,  the 
bladder  will  be  obferved  to  be  prefled  in- 
wards; the  abforption  of  the  cretaceous  acid 
by  the  alkali  caufing  a  vacuum  within  the 
veflel.  This  combination  is  attended  with 
heat,  and  the  fides  of  the  glafs  are  in  a 
fliort  time  covered  with  cryftals,  which 
become  larger  and  larger.  We  call  this  fait 
cretaceous  tartar,  when  the  vegetable  alkali 
has  been  ufed  ;  or  cretaceous  foda,  when  the 
mineral  alkali  has  been  ufed.  Thefe  two 
falts,  which  are  truly  neutral,  were  formerly 
called  by  the  names  of  fait  of  tartar,  and  fait 
of  foda  :  we  fl:^iall  fpeak  of  their  properties 
in  the  next  chapter. 

The  contadt  of  alkaline  gas,  and  the  aeri- 
form cretaceous  acid  in  clofed  veflels,  like- 
w^ife  produces  an  inftantancous  vacuum;  it  is 
attended  with  heat,  and  forms  a  thick  white 
cloud,  which  becomes  adherent  to  the' glafs, 
either  in  the  form  of  cryfl:als,  or  of  an  incruf- 
tation.  It  is  a  true  imperfed:  neutral  fait, 
which  we  fiiall  diflino^uifli  by  the  name  of 
cretaceous  ammoniacal  fait. 

The 
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The  cretaceous  acid  adheres  to  thefe  bafcs 
with  different  degrees  of  force.  According 
to  Bergman,  its  affinity  with  ponderous  earth 
is  the  ftrongefl :  after  which  follow  in  fuc- 
ceffion,  lime,  vegetable  fixed  alkali,  mineral 
fixed  alkali,  magnefia,  and  volatile  alkali. 
The  phenomena  on  which  Bergman  has 
eftablifhed  this  gradation  of  affinity  will  be 
feen  when  we  fpeak  of  neutral  falts. 

The  nature  and  compofition  of  the  cre- 
taceous acid  have  for  fome  years  paft  engaged 
the  attention  ofchemifts.  Prieftley,  Caven- 
difh,  Bergman,  and  Scheele,  appear  to  be 
of  opinion  that  it  is  formed  by  the  combina- 
tion of  pure  air  and  phlogiflon  ;  but  as  the 
exiftence  of  this  laft>mentioned  principle 
has  been  juftly  doubted  by  many  celebrated 
French  chemifts,  we  cannot  think  that 
this  theory  ought  to  be  admitted.  I 
formerly  thought  that  the  cretaceous  acid 
might  be  a  com.pound  of  inflammable  gas  and 
pure  air;  many  experiments  made  fince  the 
year  1782,  have  caufed  me  entirely  to  give 
up  this  opinion,  and  to  adopt  that  of 
Mr.  Lavoifier,  w^hich  appears  to  me  to  be 
much  more  probable.  This  chemift,  to 
whom  the  fciences  are  indebted  for  the  vaft 
number  of  ingenious  and  accurate  experi- 
ments he  has  made,  burned  a  determinate 
quantity  of  charcoal,  in  glafs  veffels  filled 
with  vital  air,  over  mercury.     The  charcoal 

was 
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was  deprived  of  aqueous  inflammable  air,  by 
a  previous  calcination  in  clofe  velTels,  as  he 
had  obferved,  that  v^athout  this  precaution 
drops  of  water  v^ere  obtained,  by  which  the 
accuracy  of  the  refults  were  affefted.  The 
combuftion  began  by  the  help  of  a  quar- 
ter of  a  grain  of  fungus  placed  on  the  char- 
coal, in  contaft  with  a  very  fmall  particle  of 
phofphorus :  a  bent  wire,  whofe  end  was 
heated  red,  being  pafled  through  the  mer- 
cury, ferved  to  fet  the  phofphorus  on  fire ; 
this  communicated  to  the  fungus,  and  the 
latter  to  the  charcoal.  The  inflammation  was 
very  rapid,  and  attended  with  much  light. 
The  whole  apparatus  being  cold,  Mr.  La- 
voifier  introduced  caufl:ic  fixed  alkali  in  the 
fluid  ftate,  which  abforbed  the  cretaceous 
acid  formed  during  this  combuftion,  and 
left  a  portion  of  vital  air  as  pure  as  at  the  be- 
ginning 'of  the  experiment.  This  chemift 
thinks,  that  in  the  prefent  operation  the 
oxyginous principle,  whofe  combination  with 
the  matter  of  fire  forms  vital  air,  combines 
with  the  carbonaceous  fubfl:ance,  and  pro- 
duces the  cretaceous  acid,  while  the  other 
principle  is  difengaged  with  heat  and  light. 
Some  afl:ies  remained,  and  the  quantity  of  cre- 
taceous acid  formed,  exceeded  the  weight  of 
the  vital  air  made  ufe  of,  by  a  quantity  equal 
to  the  lois  fufliained  by  the  charcoal.  From 
many  experiments  of  the  fame  nature,  made 
in  various  circumftanccs,  Mr,  Lavoifier  con- 
cludes. 
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eludes,  that  a  centenary  of  this,  which  he 
now  calls  carbonaceous  acid,  or  acid  of 
charcoal,  from  its  origin,  is  compofed  of 
about  twenty-eight  parts  of  carbonaceous 
matter,  and  feventy-two  parts  of  the  oxy- 
ginous  principle. 

The  refpiration  of  animals,  in  his  opinion, 
difengages  from  the  blood  a  true  carbona- 
ceous matter,  which  combining  with  the 
oxyginous  principle  of  the  atmofphere,  forms 
the  carbonaceous  acid  conftantly  produced 
during  this  procefs ;  and  that  the  combina- 
tion of  the  carbonaceous  matter  of  fugar, 
with  the  oxyginous  principle  of  water,  is 
the  caufe  of  the  production  of  the  cretaceous 
acid  in  the  fpirituous  fermentation. 

Several  philofophers  have  obferved,  that 
the  cretaceous  acid  poffefles  the  property  of 
preferving  animal  fubftances,  by  retarding 
putrefaction,  and  even  diminifhing  its  ef- 
fects after  it  has  commenced.  Hence  it 
was,  that  M'Bride  fuppofed  that  it  unites 
with  the  putrid  fubftance,  and  reftores  the 
acid  it  had  loft  during  the  time  of  putrefac- 
tion. For  this  laft  phenomenon,  according  to 
his  doctrine,  arifes  from  the  natural  decom- 
pofition  of  bodies,  and  the  dilfipation  of  the 
cretaceous  acid  :  for  which  reafon  he  fuppofed 
that  the  application  of  this  acid  was  indif- 
penfably  neceffary  to  compenfate  the  lofs  fuf- 
tained  in  the  animal  ceconomy,  and  to  re- 
ftore  the  fluids  to   their  former  ftate,  when 

changed 
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changed  by  heat  and  motion.  He  admits 
the  exiftence  of  this  acid  in  frefh  vegetables, 
efpecially  fuch  as  are  fiifceptible  of  fermen- 
tation, as  the  decoftion  of  barley,  which 
has  been  fufFered  to  germinate,  or  the  infu- 
lion  of  raifins,  &c.  all  which  he  thinks  are 
equally  ferviceable  in  feptic  or  fcorbutic  dif- 
orders. 

The  acid  fpirit  of  chalk  has  likewife,  in 
feveral  cafes,  been  fuccefsfully  prefcribed 
in  putrid,  bilious  fevers.  It  is  faid  that  the 
Englifh  ufe  the  cretaceous  acid,  mixed  with 
common  air,  in  diforders  of  the  lungs. 

It  has  been  ftrongly  recommended  as  a 
lithontriptic,  or  folvent  of  the  ftone  in  the 
bladder;  but  we  are  not  in  poffeflion  of  any 
authenticated  fafts  in  proof  of  its  efficacy. 

The  public  prints  contain  accounts  of  fe- 
veral inftances  of  the  cure  of  the  cancer, 
made  in  England  by  the  application  of  the 
cretaceous  acid.  We  can  neverthelefs  affert, 
that  this  means  has  been  ufed  by  ourfelves 
and  others,  without  fuccefs,  feveral  times. 
After  the  firft  application,  the  cancerous 
ulcer  exhibits  a  more  favourable  appearance  ^ 
the  fanies,  which  commonly  flows,  becomes 
-white,  confiftent,  and  laudable;  the  flefli 
affumes  a  lively  colour  :  but  thefe  flattering 
appearances  do  not  continue;  the  ulcer  foon 
returns  to  its  former  ftate,  and  paffes  through 
the  ufual  ch^inges  with  unabated  violence. 

Species 
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Species  II.     The  Marine  Acid. 

The  fluid  called  by  the  name  of  marine 
acid,  or  fpirit  of  fait,  in  our  laboratories, 
has  a  tafte  fufficiently  flrong  to  corrode  our 
organs  when  concentrated,  and  when  much 
diluted  impreffes  a  fenfation  of  acidity  and 
ftipticity.  It  is  abfolutely  colourlefs  when 
pure.  When  it  is  of  a  red,  or  orange 
colour,  as  moft  of  the  marine  acid  of  the 
fliops  is,  it  is  owing  to  certain  combuftible 
bodies,  moft  frequently  iroo.  This  acid  is 
obtained  from  marine  fait,  as  we  fhall  fee  in 
the  hiftoryof  that  fubftance.  If  it  be  ftrong 
and  concentrated,  it  emits  a  white  vapour  or 
fume.  When  expofed  to  the  air,  it  has  a 
lively  and  penetrating  fmell,  which,  when 
diluted  or  faint,  refembles  that  of  citron,  or 
the  apple  called  golden  rennets  :  it  is  then 
called  the  fuming  fpirit  of  fait.  The  fumes 
are  much  more  vifible  when  the  air  is  moift. 
If  a  bottle  containing  this  acid  be  opened, 
and  the  hand  brought  near  its* orifice,  a  fen." 
iible  heat  is  perceived,  which  arifes  from  the 
combination  of  the  acid  .vapour  with  the 
water  in  the  atmofphere.  Spirit  of  fait 
ftrongly  reddens  the  fyrup  of  violets,  and  all^ 
blue  colours  of  vegetables,  but  does  not  de- " 
ftroy  them.  This  liquid,  however  concen- 
trated and  fmoking,  does  not  conlift  of  the 
pure   difcngaged   marine   acid, .  but  contains 

that 
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that  acid  united  to  much  water.  Dr.  Prieftlejr 
has  eftablifhed  the  truth  of  this,  by  teaching 
us  how  to  obtain  the  acid  in  the  permanent 
form  of  gas  over  mercury :  we  muft  there- 
fore attend  to  the  properties  of  this  gas, 
which  in  fad:  is  the  marine  acid  unmixed, 
and  in  a  ftate  of  perfcd:  purity. 

The  marine  acid  gas  is  obtained  by  heating 
the  fuming  fpirit  of  fait  in  a  retort,  whofe 
neck  is  plunged  beneath  the  orifice  of  a  vefTel 
filled  with  mercury.  This  gas,  which  is 
much  more  volatile  than  water,  palTes  into 
the  veflt:l.  It  has  the  ufual  properties  of 
common  air,  but  is  heavier.  It.s  fmell  is 
penetrating,  and  it  is  fo  cauftic,  as  to  inflame 
the  fkin  ;  it  fufll'ocates  animals,  extinguillies 
the  flame  of  a  taper,  firft  enlarging  it  by  the 
addition  of  a  green  or  blueifh  circumambient 
flame.     It  is  abforbed  by  porous  bodies. 

Light  does  not  feem  to  produce  any  fen fi- 
ble  change  in  it;  it  is  rarified,and  itselafl:icity 
is  prodigioufly  augmented  by  heat.  Atmo- 
fpheric  air,  mixed  with  marine  gas,  includ^d^ 
in  glafs  vefl^els,  produces  fumes  or  vapours 
attended  with  a  flight  degree  of  heat ;  a  proof 
that  combination  takes  place.  The  more 
humid  the  air,  the  denfer  thefe  vapours  ap- 
pear ;  and  for  that  rcafon  they  are  not  at  all 
feen  at  the  fummits  of  lofty  mountains, 
where  the  air  is  very  dry,  according  to  the 
obfervation  of  M.  D'Arcet  :  the  white  va- 
pours, which  are  exhaled  from  marine  acid, 

are 
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arc  therefore  a  confequenceof  the  water  con- 
tained in  the  atmofphere.  This  liquid  acid, 
as  well  as  the  marine  gas,  does  not  abforb 
vital  air  when  in  the  elaftic  ftate,  though 
there  are  methods  of  combining  them,  as  we 
fhall  ihew  hereafter. 

Marine  gas  eagerly  unites  with  water.  Ice 
abforbs  it  very  quickly,  being  inftantly  melt- 
ed. Water  is  (Irongly  heated  during  its  union 
with  this  gas ;  when  faturated,  it  perfedly 
refembles  the  fpirit  of  fait,  from  which  the 
marine  gas  was  originally  obtained  by  heat. 
It  emits  white  vapours,  is  colourlefs,  red- 
dens fyrup  of  violets,  &c.  We  ihall  here- 
after fee  that  this  elaftic  fluid,  received  in 
pure  water,  produces  the  pureft  and  moft 
concentrated  marine  acid. 

Marine  gas  has  no  action  on  quartzole 
earth ;  it  combines  with  clay,  forming  a 
peculiar  fait. 

It  unites  with  the  falino-terreftrial  fub- 
flances,  with  which  it  forms  marine  falts, 
with  bafes  of  ponderous  earth,  of  magnefia, 
or  of  calcareous  earth. 

Its  combination  with  the  fixed  vegetable 
alkali  produces  the  febrifuge  fait  of  Sylvius : 
with  the  mineral  alkali  it  forms  marine  or 
common  fait. 

Marine  gas,  in  contaft  with  alkaline 
gas,  in  velTels  over  mercury,  becomes 
much  heated ;  the  fluids  mutually  pene- 
trate each  other,  and  a  white  cloud  is  im- 
mediately formed;   the  mercury  rifcs  in   the 

veilels^ 
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veflels,  and  their  internal  furfaces  arc  co- 
vered over  with  ramified  cryftals  of  fal  am- 
moniac. If  the  two  gafes  are  very  pure,  they 
completely  difappear  when  they  aflume  the 
concrete  form,  and  the  difengagement  ^of 
heat  has  taken  place.  This  experiment  is  one 
of  thofe  which  prove,  ift,  That  all  bodies, 
which  pafs  from  the  liquid  to  the  elaftic 
ftate,  abforb  at  the  fame  time  a  certain  quan* 
tity  of  the  matter  of  fire,  or  heat;  for  the 
fpirit  of  fait  does  not  become  gas  without 
heat.  2d,  That  elaftic  fluids,  in  their  tran^ 
fition  to  the  liquid  or  folid  ftate,  give  out 
the  heat  they  before  took  up.  3d,  That  the 
elaftic  ftate  depends  on  this  abforbed  and 
combined  heat ;  and  that  all  aeriform  fluids  are 
compounds  to  which  the  matter  of  heat  gives 
this  form,  as  M.  Lavoifier  fuppofes. 

The  marine  acid  abforbs  the  cretaceous 
acid ;  the  mutual  a6tion  of  thefe  two  bodies 
has  not  yet  been  properly  examined ;  it  is 
known,  that  the  cretaceous  acid  is  lefs 
powerful  than  the  marine,  and  is  difengaged 
from  all  bafes  by  this  laft.  As  to  the  diffe- 
rent degrees  of  attraction  for  the  various 
bafes,  Bergman  lays  them  down  in  the  fol- 
lowing order :  ponderous  earth,  vegetable 
fixed  alkali,  mineral  fixed  alkali,  lime,  mag- 
nefia,  volatile  alkali,  clay. 

The  intimate  nature  of  the  marine  acid, 
or  the  principles  which  enter  into  its  com- 
pofition,    are    not    yet    known.       Beccher 

thought 
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thought  it  to  be  formed  of  the  vitriolic 
acid,  united  to  mercurial  earth,  becaufe  he 
obferved  that  this  acid  has  a  ftrong  affinity  to 
all  fuch  bodies  as  he  fuppofed  to  contain  that 
principle,  fuch  as  arfenic,  mercury,  &c, 
Stahl  made  no  addition  by  way  of  explaining 
this  opinion  of  Beccher.  And  among  the 
numerous  and  ingenious  experiments  of  the 
moderns,  there  are  not  any  which  throw 
much  light  on  this  fubjedl. 

Scheele  is  the  only  chemift  who  has  made 
any  difcovery  of  importance  refpedting  the 
different  ftates  in  which  this  acid  cxifts  : 
this  philofopher  having  diftilled  fpirit  of  fait 
from  the  calx  of  manganefe,  obtained  the 
acid  in  the  form  of  a  yellowifh  gas,  of  a 
very  penetrating  fmell  and  capable  of  dif- 
folving  all  metals  with  great  facility,  not 
excepting  mercury  and  gold.  He  thinks 
that  in  this  operation  the  manganefe,  which 
he  takes  to  be  very  greedy  of  phlogifton, 
feizes  that  of  the  marine  acid;  for  which 
reafon  he  calls  the  elaftic  fluid,  dephlo- 
gifticated  marine  acid,  and  fuppofes  it  to 
diffolve  gold,  in  confequence  of  its  ftrong 
affinity  to  phlogifton.  There  is,  however,  no 
diredt  experiment  which  fliews  the  prefence 
of  the  inflammable  principle  in  this  acid ; 
and  it  is  four  years  fince  I  fufpefted  that  the 
vital  air  of  the  manganefe  is  united  to  the  ma- 
rine acid,  as  may  be  feen  in  the  articles  aqua 
regia,  manganefe,  &c.    in  the  firft  edition  of 
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thefe  elements.  Mr.  Berthollet  has  proved 
the  truth  of  this,  by  a  very  accurate  and  in- 
genious feries  of  experiments. 

The  marine  acid,  poured  on  the  calx  of 
manganefe,  affords  yellow  vapours  before  the 
application  of  heat.  If  the  retort  be  heated, 
and  the  vapours  received  in  veflels  containing 
water,  a  very  fmall  quantity  is  difTolved,  and 
the  water  is  very  foon  faturated;  the  gas 
which  continues  to  be  produced  takes  a  con- 
crete form,  and  falls  to  the  bottom  of  the 
liquid  in  cryftals.  The  water,  in  this  experi- 
ment, muft  be  cooled  almoft  to  freezing,  be- 
caufe  the  flighteft  heat  diffolves  this  concrete 
fait,  and  occafions  it  to  efcape  in  the  form  of 
bubbles. 

The  dephlogifticated  marine  acid,  in  a 
liquid  form,  or  difTolved  in  water,  has,  ac- 
cording to  Mr.  Berthollet,  an  auftere,  but 
not  acid  tafle.  It  deftroys  the  colours  of 
vegetables,  and  renders  them  white,  with- 
out firfl  caufing  them  to  become  red.  It 
does  not  difengage  the  cretaceous  acid  from 
its  bafes,  and  confequently  caufes  no  effer- 
vefcence  when  applied  to  them :  in  a  word^ 
it  has  no  acid  properties. 

The  dephlogifticated  marine  acid  efFer- 
vefces  when  heated  with  quick  lime,  vital  air 
beingdifengaged.  The  refidue  is  calcareous  ma- 
rine fait.  The  dephlogifticated  marine  acid 
produces  an  effervefcence  in  its  combination 
with  the  cauflic  volatile  alkali ;  but  the  bub- 
bles 
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bles  which  arlfe  during  this  combination  are 
produced  by  the  decompofition  of  a  part  of 
this  latter  fait :  the  inflammable  gas,  which 
is  one  of  its  principles,  unites  with  the  de- 
phlogifticated  marine  acid,  and  forms  water ; 
while  the  phlogilticated  gas,  or  the  other, 
principle  of  the  volatile  alkali,  being  fet  free, 
is  feparated  in  its  elaflic  form,  and  produces 
the  eiFervefcence  obferved  in  this  experiment. 
All  thefe  experiments  prove,  that  the  dephlo- 
giflicated  marine  acid  of  Scheele  is  a  com- 
bination of  this  pure  acid  with  vital  air,  and 
may,  with  greater  propriety,  be  called  aerated 
marine  acid,  as  I  propofed  in  the  firft  edi- 
tion of  thefe  elements.  Mr.  Berthollet  has 
not  yet  determined  the  quantity  of  air  ab- 
forbed  by  the  marine  acid  in  thefe  experi- 
ments. * 

The  marine  acid  is  employed  in  the  arts, 
and  more  efpecially  in  the  art  of  affaying 
in  the  humid  way.  -f-  In  medicine  it  is 
adminifl:ered,  in  a  very  diluted  ftate,  as 
a  diuretic  and  antifeptic  ;  and  it  is  the 
chief  ingredient  in  the  remedy  of  the  Prior 
de  Chabrieres  for  ruptures.  It  is  exter- 
nally ufed  as  an  efcharotic;  and  likewife 
in  gangrenes  of  the  throat,  aphthae,  &c. 
Mixed  with  a  certain  quantity  of  water,  it 

*  Rozler's  Journal,  May  1785. 

t  See  Bergman's  EfTays,  vol,  ii.  either  in  the  Englifii 
tranflation,  or  original  Latin. 
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conftitutes  a  bath  for  the  feet,  which  is  a 
great  fecret  with  fome  praditioners,  and  is 
ufed  for  the  purpofe  of  removing  the  feat  of 
the  gout  from  the  nobler  to  the  inferior 
parts. 

The  dephlogiflicated,  'or  aerated  marine 
acid,  has  not  been  known  a  fufficient  time 
to  apply  it  to  any  ufe.  Mr.  Berthollet  thinks 
that  it  may  be  ufed  for  the  purpofe  of  dif- 
coveiing,  in  a  few  minutes  or  hours,  the 
effefts  which  expofure  to  air  will  produce  on 
certain  dyed  fluffs ;  and  that  their  durability 
may  by  that  means  be  afcertained. 

Species  III.     The  Sparry  Acid. 

The  fparry  acid,  or  fluor  acid,  difcovered 
by  Mr.  Scheele,  received  its  name  from  a 
kind  of  neutral  fait,  called  fluor,  or  vitreous 
Ipar,  from  which  it  is  obtained. 

This  acid,  in  a  ftate  of  purity,  has  the 
form  of  gas ;  in  which  ftate,  therefore,  we 
fhall  examine  its  properties.  It  is  heavier 
than  air,  extinguifhes  fire,  and  deftroys  ani- 
mal life  ;  has  a  penetrating  fmell,  fimilar  to 
that  of  marine  acid,  but  more  powerful;  and 
its  caufticity  is  fuch,  that  it  corrodes  the 
ikin  in  a  fhort  time ;  light  does  not  fenfibly 
alter  it;  and  heat  dilates  it,  without  pro- 
ducing any  other  change. 

The  addition  of  atmofpherical  air  has 
the  fame  effed  on  this,  as  on  the  marine  acid 

gas. 
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gas,  producing  a  white  vapour,  which  is 
more  or  lefs  abundant,  in  proportion  to  the 
humidity  of  the  atmofphere. 

The  fparry  gas  unites  to  water  very  rapid- 
ly, and  with  heat  -,  a  peculiar  phenomenon 
attends  their  combination,  namely,  the  pre- 
cipitation of  a  very  fine  white  earth,  of  a  fi- 
liceous  or  quartzofe  nature:  it  therefore 
feems,  that  this  acid,  in  the  ftate  hither- 
to defcribed,  is  very  far  from  being  pure. 
For  this  reafon,  I  am  inclined  to  think  that 
it  cannot  be  had  pure,  but  by  depriving  it 
of  the  earth  it  took  up  during  its  volatiliza- 
tion. This  gas,  diflblved  in  water,  forms 
the  acid  fpirit  of  fpar,  whofe  fmell  and  cauf- 
ticity  are  very  powerful  when  the  water  is 
faturated.  This  liquid  acid  ftrongly  reddens 
fyrup  of  violets.  It  pofTeffes  the  fingular 
property  of  corroding  and  diffolving  filiceous 
earth,  according  to  Scheele  and  Bergman. 

Dr.  Prieftley  obferved  that  fparry  gas  cor- 
rodes and  penetrates  glafs ;  which  circum- 
ftance  obliged  him  to  make  ufe  of  very  thick 
glafs  in  his  experiments.  Macquer  thought 
that  this  acid  does  not  produce  this  eifecl:, 
but  in  its  ftate  of  gas ;  and  that  in  its  liquid 
ftate,  or  when  combined  w^ith  water,  it  ceafes 
to  poffefs  that  property :  his  opinion  is 
founded  on  the  confideration,  that  water  pre- 
cipitates the  filiceous  earth,  which  is  held  in 
folution  by  the  fparrv  gas. 
-  The  acid  fpirit  of  fpar  may  be  decompofed 
B  3  in 


22  SPARRY    ACID. 

in  the  fame  manner  as  fpirit  of  fait,  by  heat- 
ing it  in  a  retort,  whofe  neck  is  plunged  un- 
der the  orifice  of  a  veffel  filled  with  mercury. 
The  fparry  acid  gas  is  obtained,  and  the  water 
remains  pure. 

The  two  French  chemlfts,  who,  under  the 
name  of  Boullanger,  publifhed  in  the  year 
1773,  a  feries  of  experiments  on  the  fluor 
or  vitreous  fpar,  are  of  opinion,  that  this 
acid  is  nothing  elfe  but  the  marine  acid, 
combined  with  an  earthy  fubftance,  feparable 
only  by  water.  But  Bergman  confiders  it 
as  a  peculiar  acid,  fufficlently  diftinguifhed 
from  all  others  by  its  combinations.  This 
laft  opinion  is  almoft  univerfally  received. 

The  fparry  is  the  only  mineral  acid  which 
pofTefl^es  the  property  of  difiblving  filiceous 
earths.  In  the  year  1779,  Bergman  thought 
that  this  earth  might  be  a  compound  of  the 
fparry  acid  and  water,  becaufeof  the  confider- 
able  quantity  of  filex  depofited,  when  this 
acid  gas  comes  in  contad:  with  v/ater ;  but  the 
experiments  of  Mr.  Meyer  prove  that  the 
filiceous  earth  is  obtained  from  the  glafs 
veflels  which  are  corroded.  This  chemift 
took  three  cylindrical  veffels  of  tin,  in  each 
of  which  he  put  an  ounce  of  vitreous  fpar, 
with  three  ounces  of  vitriolic  acid,  which 
having  a  ftronger  afiinity  with  lime  than  the 
fparry  acid,  is  fuccefsfully  employed  in  pro- 
curing the  latter.  To  one  of  thefe  mixtures 
he  added  an  ounce  of  quartz,  in  po.wder ;  to 

the 
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the  fecond,   an  ounce  of  glafs,  in  powder ; 
and  the  third  was  left  without  addition.    In 
each  of  thefe  cylinders  he  fufpended  a  moif- 
tened  fponge,  and  expofed  the  clofed  veffels 
to  a  gentle  heat.     Half  an  hour  after,  he 
found  a  filiceous  powder  depofited  on  the 
fponge,  included  over  the  mixture  contain- 
ing powdered  glafs  ;  twelve  hours  after,   the 
mixture  containing  quartz  likewife  exhibited 
a  filiceous  incruftation   on  its   fponge ;   but 
the  mixture  which  contained  neither  quartz 
nor  glafs,  prefented   no  appearance  of  any 
depolition,  even  at  the  end  of  feveral  days. 
Bergman   himfelf  forwarded   an  account  of 
this  experiment  to  Mr.  de  Morveau,  inform- 
ing him  at  the  fame  time,  that  he  renounced 
his  former  opinion  refpefling  the  formation 
of  filiceous  earth  by  the  union  of  fparry  acid 
and    water.     The    precipitation,    therefore, 
depends  on  the  quartzofe  earth  diifolved  in 
the  fparry  gasj    and  the  acid    is    not  in  a 
ftate  of  purity,  till  the  earth  has  been   pre- 
cipitated by  water,  as  we  obferved  in  our 
former  edition. 

The  acid  fpirit  of  fpar,  and  the  gas,  unite 
with  clay,  and  form  a  fweeti(h  neutral  fait, 
fpathic  clay,  or  argillaceous  fluor,  which 
eafily  takes  the  confidence  of  a  thick  jelly. 

It  combines  with  ponderous  earth :  the 
fait  refulting  from  this  combination,  which 
we  diftinguifh  by  the  name  of  ponderous 
-fluor,  is  of  a  pulverulent  form. 

B  4  The 
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The  fparry  acid  forms  a  cryflallizable  fait 
with  magnefia;  fpathic  magnefia,  or  magne- 
fian  fluor. 

It  precipitates  lime-water,  forming  im- 
mediately the  fluor  fpar. 

It  likewife  combines  with  the  fixed  vege- 
table alkali,  and  conflitutes  fpathic  tartar, 
or  tartareous.  fluor :  with  the  mineral  fixed 
alkali  it  forms  fpathic  foda,  or  fluor  of  foda; 
ladly,  with  the  volatile  alkali  it  forms  a  fait, 
which  we  diftinguiih  by  the  name  of  am- 
moniacal  fluor,  or  fpathic  fal  ammoniac. 

The  foregoing  fhort  account  of  thefe  fa- 
line  combinations,  prove  that  the  acid  of 
fpar  differs  greatly  from  the  marine  acid ; 
and  this  proof  is  ftill  further  confirmed  by 
the  order  of  its  affinities  with  the  feveral 
bafes.  Bergman  obferves,  that  the  fparry 
acid,  united  to  the  vegetable  fixed  alkali,  is 
feparated  by  lime-water,  from  which  fluor 
is  feen  to  precipitate ;  the  fame  appearance 
is  obferved  when  lime-water  is  added  to  the 
folution  of  ponderous  fluor.  This  philofo- 
pher  arranges  its  affinities  in  .the  following 
order :  lime,  ponderous  earth,  magnefia, 
vegetable  fixed  alkali,  mineral  alkali,  vola- 
tile alkali;  but  he  obferves  that  a  greater 
number  of  experiments  are  required  to  give, 
the  neceflTary  degree  of  accuracy  to  this  ar- 
rangement. 

The  fparry  acid  has  not  yet  been  applied 
to  any  ufe ;  but  its  property  of  dilTolving  fi- 
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liceous  earth  will  probably  render  it  of  great 
ufe  in  chemical  operations,  when  means  fhall 
have  been  difcovered  for  obtaining  it  more 
commodioufly  than  at  prefent. 

Species  IV.     Nitrous  Acid. 

The  fluid  called  nitrous  acid  in  chemical 
laboratories,  is  the  fpirit  of  nitre,  or  a  com- 
bination of  the  acid  with  water  :  this  fpirit, 
when  very  pure,  is  white  ;  but  a  very  fmall 
change  caufes  it  to  become  yellow,  or  red, 
and  to  exhale  fumes  of  the  fame  colour  in 
great  abundance.  Its  caufticity  is  fuch,  that 
it  immediately  burns  and  deftroys  the  or.- 
ganization  of  the  fkin  and  mufcles :  it  red- 
dens,  and  entirely  deflroys  the  colour  of  £y^ 
rup  of  violets. 

Expofed  to  the  rays  of  the  fun,  it  becomes 
of  a  deeper  colour,  and  more  volatile,  ac- 
cording to  Scheele,  which  fhews  that  it  is 
afted  upon  by  light :  heat  alone  produces  the 
fame  change  :  it  attradls  the  humidity  pf  the 
air  when  it  is  ftrongly  concentrated. 

It  unites  with  great  violence  to  water, 
which  becomes  at  firft  green,  afterwards  blue, 
ar^d  laftly  red.  Much  heat  is  given  out  in 
this  combination.  When  united  to  a  con- 
liderable  quantity  of  water,  it  is  called  aqua- 
fortis. 

The  white  and  r^d  nitrous  acids  were  for- 
merly confidered  as  one  and  the  fame  acid, 

differing 
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difFerIng  only  in  the  degree  of  concentration ; 
and   that  which   had   the  moft  colour,  was 
confidered  as  the  moft  concentrated  :  but  the 
nature  of  this  faline  fubftance  being  at  pre- 
fcnt  much  better  underftood,  it  is  admitted 
that  it  mayexift  in  two  different  ftates.     In 
the  one,   the  nitrous  acid  is  colourlefs,  more 
ponderous,  lefs  volatile,  and  does  not  emit 
fumes ;  in  the  other,  it  is  tinged  from  yel- 
low to  a  brown  red,  being  lighter,  more  vo- 
latile, and  continually  emitting  red  vapours, 
more  or   lefs  abundant,    accordingly   as   its 
temperature  is  higher.   Bergman  diftinguifhes 
thefe  two  ftates  of  the  nitrous  acid,  by  the 
names  of  dephlogifticated  and  phlogifticated 
nitrous  acid;  we  ihair hereafter  explain  the 
caufe  of  thefe  differences  -,  it  will   be  fuffi- 
cient  in  this  place  to  obferve,  that  if  the  co- 
loured and  fuming  nitrous  acid  be  diftilled 
in  a  glafs   retort,  the  red  part  comes  over 
firft  in  vapours,  and  the  acid  which  remains 
in  the  retort  becomes  white  and  colourlefs. 
The  deeper  the  colour  of  the   nitrous  acid, 
the  larger  will   be  the  quantity  of  vapours, 
and   the  lefs  the  quantity   of  clear  nitrous 
acid   remaining  in   the  retort ;  and   on   the 
contrary,  if  a  nitrous  acid,   of  a  pale  red,  be 
fubmittcd  to  the  fame  procefs,  the  quantity 
of  vapour  is   very   inconfiderable,    and   the 
clear  acid,  which  remains,  is  in  much  greater 
quantity    than    in  the  fc^mer  cafe.       This 
experiment  proves,  that  the  deep  coloured 
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nitrous  acid  is  more  volatile  than  the  paler 
fort ;  and  that  as  all  fpirit  of  nitre  is  com- 
pofed  of  thefe  two  acids,  they  may  be 
obtained  feparate,  by  diflillation  properly 
managed.  In  this  operation,  a  certain 
quantity  of  vital  air  is  always  diiengaged^ 
which  may  be  colleded  by  adapting  a  pneu- 
matic apparatus  to  the  receiver.  It  muft 
be  obferved,  that  the  fame  procefs  of  diflil- 
lation made  with  the  paleft  nitrous  acid, 
always  difengages  feme  red  vapours,  and 
changes  the  colour  of  the  acid,  w^hich  be- 
comes reddifh.  But  this  change  produced 
by  mere  heat,  difappears  when  the  acid  growa 
cold ;  and  the  vapour,  which  had  arifen,  is 
again  diflblved  in  the  liquor. 

Spirit  of  nitre  has  no  aftion  on  the  vitri- 
fiable  and  quartzofe  earths ;  it  unites  with 
clay,  ponderous  earth,  magnefia,  lime,  and 
the  three  alkalis,  with  which  it  forms  nitre, 
with  bafe  of  ponderous  earth,  and  the  fe- 
veral  nitres  diftinguifhed  by  the  names,  mag- 
nelian,  calcareous,  common,  rhomboidal,and 
ammoniacal ;  its  affinities  with  thefe  diffe- 
rent bafes  are  the  fame  as  thofe  of  the  ma- 
rine acid.  Bergman  arranges  them  in  the 
following  order  :  ponderous  earth,  fixed  ve- 
getable alkali,  fixed  mineral  alkali,  lime, 
magnefia,  volatile  alkali,  cL:y. 

The  nitrous  acid  unites  with  the  creta- 
ceous acid,  which  it  abforbs  in  a  confider- 
able  proportion  :  the  mutual  aftion  of  thefe 
two  bodies  is  not  well  known. 

The 
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The  nitrous  acid  combines  very  readily 
with  the  marine  acid :  the  alchemifts  gave 
the  name  of  aqua  regia  to  this  compound, 
becaufe  they  ufed  it  to  diflblve  gold,  the  king 
of  the  metals.  It  muft  always  have  appeared 
Angular,  that  two  acids,  neither  of  which 
lingly  has  any  aftion  on  gold,  fhould  become 
capable  of  dlflblving  it  w^hen  united.  The 
alchemifts,  happy  in  having  difcovered  a  fol- 
vent  for  this  precious  metal,  did  not  trouble 
themiclv'es  about  the  caufe  of  the  phenome- 
non. It  is  but  a  few  years  fince  two  Swedifh 
chemifls,  Scheele  and  Bergman,  attempted 
to  difcover  the  change  which  the  admixture 
of  thefe  two  acids  produces  in  each.  Scheele, 
as  we  have  already  obferved,  perceived,  that 
the  yellow  vapour  produced  when  the  ma- 
rine acid  is  diftilled  from  the  calx  of  man- 
ganefe,  has  the  fame  fmell  as  aqua  regia ; 
that  it  deftroys  the  blue  colours  of  vege- 
tables ;  and  that  its  adlion  on  metals  is  very 
ftrong,  efpecially  on  gold,  which  it  per- 
feftly  dillolves,  like  aqua  regia.  He  thinks 
that  thefe  new  properties  arife;  from  its  be- 
ing deprived  of  phlogifton  by  the  calx  of 
manganefe,  and  that  confequently  it  has  a 
ftrong  tendency  to  feize  that  principle  from 
other  bodies ;  and  therefore  ads  powerfully 
on  combuftible  bodies.  From  thefe  fafts  and 
fuppolitioos,  he  gave  it  the  name  of  dephlogif- 
ticated  marine  acid.  We  muft  here  obferve, 
this  explanation  is  abfclutely  contrary  to  the 
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theory  of  Stahl,  which  Scheele  appears  to 
have  adopted ;  Jfiiice  the  marine  acid,  by  the 
lofs  of  its  phlogiflon,  acquires  new  proper- 
ties, which  that  great  man  attributed  to  the 
prefence  of  the  inflammable  principle,  fuch 
as  volatility,  a  ftrong  odour,  and  a  power 
of  adting  on  combultible  bodies.  We  ap- 
prehend, moreover,  that  all  thefe  phenomena 
are  much  more  naturally  explained  by  the 
new  theory,  as  we  ihall  prefently  fhew. 

Bergman  thinks,  that  the  nitrous  acid 
fcizes  the  phlogiflon  of  the  marine  acid,  and 
becomes  partly  diflipated,  in  the  form  of 
vapour;  and  that  the  marine  acid  is  con- 
verted into  the  fame  ftate  as  it  pofTefles, 
when  diftilled  from  the  calx  of  manganefe. 
Aqua  regia,  therefore,  diiTolves  gold  by  vir- 
tue of  the  dephlogiilicated  marine  acid  it 
contains.  Such  is  the  opinion  of  the  cele- 
brated chemift  of  Upfal.  The  following 
theory,  however,  appears  to  agree  bettec 
with  the  fads.  When  nitrous  acid  is  pour- 
ed upon  fpirit  of  fait,  the  two  liquors  grow 
hot,  and  deeper  coloured ;  an  effervefcence 
is  produced,  attended  with  a  mixed  fmell, 
lefs  penetrating  than  that  of  pure  fpirit  of 
fait,  but  perfeftly  refembling  marine  acid^ 
diflilled  from  calx  of  manganefe.  Mr.  Ber- 
thoUet  has  difcovered,  that  dephlogifticated, 
or  aerated  marine  acid,  is  difengaged  during 
this  ftrong  adtion  of  the  two  acids.  Spirit 
of  fait,    therefore,    takes  from   the  nitrous 
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acid  part  of  the  pure  air  it  contains,  and  is 
diffipated  in  the  form  of  aerated  marine  acid. 
A  portion  of  this  dephlogiflicated  fpiritof  fait 
remains  charged  with  nitrous  gas,  and  this 
mixture  conftitutes  aqua  regia.  Hence  it 
may  be  eafily  conceived,  why  a  very  fmall 
quantity  of  nitrous  acid  is  required  to  give 
the  marine  acid  the  charafters  of  aqua  regia ; 
and  why  the  fait  of  gold  affords,  by  diftilla- 
tion,  nothing  but  the  marine  acid,  as  likewife 
happens  with  aqua  regia  diflilled  alone.  But 
it  muft  be  obferved,  that  as  a  much  greater 
quantity  of  nitrous  acid  than  is  neceffary  is 
commonly  ufed  to  faturate  the  marine  acid 
with  air,  or  to  dephlogifticate  it,  aqua  regia 
contains  thefe  two  acids,  which  ad:  each 
according  to  its  peculiar  nature,  and  form 
various  compounds  with  bodies  expofed  to 
their  aftion.  It  is  therefore  a  defideratum 
to  afcertain  what  quantity  of  nitrous  acid 
is  required  to  faturate  a  given  quantity  of 
marine  acid,  and  to  convert  it  into  aqua 
regia,  without  its  containing  any  portion  of 
aqua  fortis,  which  would  only  tend  to  alter 
its  properties,  and  render  its  effeds  uncer- 
tain. Hence  it  is  neceffary,  in  the  record- 
ing of  nice  chemical  operations,  to  point  out 
the  refpeftive  quantities  of  the  acids  made 
ufe  of  in  compounding  the  aqua  regia  em- 
ployed. 

The  fpecific  gravity  of  this  mixed  acid, 
is    lefs    than    that    of  either   of  the    two 

which 
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which  compofe  it;  its  fmell  is  peculiar; 
its  colour  citron,  verging  towards  orange  : 
its  acSion  on  various  fubltances  diftinguifhes 
it  from  every  other  acid  :  it  is  not  fenfibly 
changed  by  light ;  but  heat  feparates  the  two 
acids.  Aqua  regia  combines  with  water 
in  all  proportions,  at  the  fame  time  pro- 
ducing heat;  it  diflblves  clay  very  flowly, 
and  unites  with  ponderous  earth,  magnefia, 
lime,  and  the  different  alkalis,  producing 
mixed  faline  combinations,  which  either 
cryjftallize  feparately  or  together,  according 
to  their  folubility.  Aqua  regia  is  much 
ufed  in  chemiftry,  efpecially  in  the  art  of 
affaying,  as  we  fhall  have  occafion  to  obferve 
more  largely,  when  we  come  to  fpeak  of  me- 
tallic fubftances. 

The  intimate  nature  and  compofition  of 
the  nitrous  acid  has  been  greatly  attended 
to  by  chemifts,  fince  the  earlier  difcoveries 
of  Dr.  Prieftley.  The  opinion  of  fuch  as 
think  the  formation  of  this  acid  may  be  at- 
tributed to  the  vitriolic,  and  who  regard  it 
as  a  modification  of  this  laft,  has  been  (hewn 
to  be  founded  on  fallacious  experiments ; 
and  it  was  foon  found  to  be  compofed  of 
peculiar  principles,  in  confequence  of  the 
following  obfervations. 

It  has  long  fmce  been  obferved,  that  the 
nitrous  acid  adts  ftrongly  on  combuftible 
bodies,  efpecially  metallic  fubftances;  a  large 
quantity  of  red  vapours  exhaling  at  the  fame 
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time  into  the  atmofphere,  and  the  acid  iit 
feme  cafes  being  entirely  diffipated  in  that- 
form.  The  combuftible  body  is  quickly 
converted  into  the  ftate  of  a  body  which  has 
fuffered  calcination,  or  combuflion.  And 
this  procefs  is  in  fome  cafes  carried  on  fo 
rapidly,  as  to  caufe  fudden  inflammation 
of  the  combuflible  bodies,  fuchas  oils,  coal, 
phofphorus,  and  certain  metals.  Stahl  at- 
tributed this  eifedt  to  the  rapidity  with  which 
he  fuppofed  nitrous  acid  to  combine  with 
phlogifton  ;  but  this  theory  is  infufficient. 

Dr*  Prieftley  having  received,  under  a 
glafs  veffel  filled  with  water,  the  vapour 
which  is  difengaged  during  the  adtion  of  the 
nitrous  acid  upon  iron,  obferved,  that  in- 
ftead  of  a  red  vaporous  fluid,  a  tranfparent 
and  colourlefs  gas,  refembling  air,  is  obtain- 
ed, which  he  diflinguiflied  by  the  name  of 
nitrous  air. 

This  gas  has  all  the  external  charadlers  of 
air,  but  diff^ers  in  a  great  number  of  its 
chemical  properties  :  its  fpecific  gravity  is 
fomewhat  lefs ;  it  is  incapable  of  maintain- 
ing either  combuftion  or  refpiration ;  is 
ilrongly  antifeptic;  has  no  fenfible  taile; 
and  does  not  immediately  produce  any  change 
in  fyrup  of  violets.  Nitrous  gas  is  not  fen- 
fibly  changed  by  the  aftion  of  light ;  heat 
dilates  it ;  vital  air  readily  combines  with  it, 
and  converts  it  into  nitrous  acid ;  atmo- 
fpheric   air  produces  the    fame  effed:,    but 
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With  lefs  intenfity.  This  combination  ex- 
hibits many  important  phenomena.  As  foon 
as  the  air  comes  in  contact  with  the  nitrous 
gas,  thefe  two  colourlefs  fluids  become  red, 
like  the  fuming  fpirit  of  nitre;  a  confider- 
ab!e  degree  of  heat  is  excited ;  the  water 
rifes  in  the  receiver,  and  abforbs  the  red  va- 
pours^ which  convert  it  into  a  weak  aqua 
fortis.  The  purer  the  air,  the  more  rapid 
and  evident  are  thefe  phenomena,  and  a 
lefs  quantity  is  required  to  convert  a  given 
quantity  of  nitrous  gas  into  nitrous  acid. 
Mr.  Lavoifier  found,  that  fixteen  prns  of 
atmofpheric  air  are  required  to  Saturate  fcwQn 
parts,  and  one  third  of  nitrous  gas ;  while 
four  parts  of  vital,  or  dephlogifticated  air, 
are  fufficient  to  fat  urate  completely  the  fame 
quantity  of  gas.  This  remarkable  pheno- 
menon perfeftly  refembles  combuftion,  as 
Macquer  thinks.  In  fadl,  it  is  accompa-* 
nied  with  heat,  abforption  of  air,  and  the 
production  of  faline  matter;  and  the  deep 
red  colour,  with  which  it  is  accompanied, 
may  be  confidered  as  a  kind  of  flame. 

The  effeds  of  air,  in  this  artificial  re- 
compofition  of  nitrous  acid,  being  diflferent 
according  to  the  parity  of  the  air  made  ufe 
of.  Dr.  Priefl:ley  applied  nitrous  gas,  as  a 
teil  to  diflinguifh  the  quantity  of  vital  air 
contained  in  any  given  portion  of  elaftic 
fluid ;  by  taking,  as  the  two  extremes,  the 
moit  impure  gas,  w^hich  is  not  changed  at  all 
Vol.  II.  C  by 
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by  nitrous  gas  (as  for  example,  cretaceous 
acid)  and  vital  or  dephlogifticated  air,  v;hich 
is  changed  the  moft.  This  proof  confifts  in 
employing  known  quantities  of  the  two 
gafcs,  and  obferving  the  effedt,  or  the  quan- 
tity neceffary  for  the  complete  faturation  of 
each.  The  lefs  the  quantity  of  any  kind  of 
air,  which  is  required  to  faturate  nitrous  gas, 
the  more  pure  or  rclpirable  that  air  is ;  and 
on  the  contrary,  the  larger  the  quantity  re- 
quired for  that  purpofe,  the  lefs  is  its  purity. 

Many  philofophers  have  endeavoured  to 
contrive  methods  of  performing  this  experi- 
ment with  thegreateft  precifion.  The  Abbe 
Fomaria  has  fucceeded  the  beft  in  his  at- 
tempts ;  he  has  contrived  an  inftrument, 
which  is  accurately  defcribed  by  Ingenhoufz 
in  his  enquiries  concerning  vegetables  :  with 
this  inftrument,  the  purity  of  air  may  be  efti- 
mated  to  an  extreme  degree  of  accuracy ;  but  a 
degree  of  attention  and  experience  is  required 
in  its  ufe,  without  which  it  is  very  likely 
to  b^  productive  of  error,  as  the  author  him- 
felf  obferves. 

It  is  of  great  confequence  to  be  obferved, 
with  regard  to  thefe  experiments,  ufeful  and 
ingenious  as  they  are,  that  they  have  not 
been  attended  with  near  the  advantage  to 
medicine,  by  determining  the  falubrity  of  the 
air,  which  was  at  firft  expeded.  They  indicate 
merely  the  quantity  of  refpirable  air  contained 
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in  the  fptximen  under  examination  ;  but 
teach  us  nothing  concerning  the  noxious 
qualities  of  this  fluid,  with  refpedt  to  the 
other  animal  functions ;  as  for  example,  its 
adtions  on  the  ftomach,  fkin>  and  in  parti- 
cular the  nerves,  which  produce  eifedts  well 
known  to  phyficians,  and  which  follow  ia 
confequence  of  almoft  every  alteration  the 
air  is  fufceptible  of. 

Chemifts  are  not  yet  agreed  in  their  opi- 
nions refpedting  the  caufe  of  the  production 
of  nitrous  acid,  by  the  mixture  of  nitrous 
gas  and  vital  air.  Dr.  Prieftley,  to  whom 
we  are  indebted  for  this  difcovery,  thinks 
that  nitrous  gas  confifts  of  the  nitrous  acid, 
loaded  with  phlogillon ;  and  that  pure  air, 
having  a  ftronger  affinity  for  this  laft  fub- 
ftance,  takes  it  from  the  acid,  which  it 
leaves  at  liberty :  but  this  theory  is  far 
from  being  fufficient  to  explain  the  pheno- 
menon, becaufe  there  is  fcarcely  any  refidue 
when  the  experiment  is  well  made,  and  be-^ 
caufe  the  nitrous  acid,  formed  in  this  ope- 
ration, weighs  much  more  than  the  nitrous 
gas  made  ufe  of.  Mr.  Lavoifier  imagined, 
that  this  property  of  recompofing  nitrous 
acid,  by  the  addition  of  pure  air,  is  fufficient 
to  (hew  the  compofition  of  the  acid  icfelf. 
By  combining  two  ounces  of  fpirit  of  nitre, 
of  a  known  ftrength,  with  mercury,  which 
is  a  combuftible  body,  he  obtained  196 
cubic  inches  of  nitrous  gas,  and  246  inches 
C  2  of 
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of  dephlogifticated  air ;  the  mercury,  after 
having  changed  its  form  during  the  difen- 
gagement  of  the  firfl  gas,  was  reduced  to  its 
metallic  ftate  during  the  difengagement  of 
the  fecond  ;  and  was  found  to  have  fuifered 
BO  lofs.  From  this  experiment,  performed 
with  great  accuracy,  he  concludes,  ift. 
That  the  mercury  having  fuffered  no  lofs, 
the  elaftic  fluids  cannot  be  attributed  to,  or 
be  faid  to  have  been  obtained  from,  that 
metal.  2d,  That  they  mufi:  therefore  be 
attributed  to  a  decompofition  of  the  nitrous 
acid.  3d,  That  the  nitrous  acid  made  ufe 
of,  whofe  fpecific  gravity,  compared  with 
diftilled  water,  was  as  131607  to  loooco, 
appears  to  be  formed  of  three  principles ; 
nitrous  gas,  vital  air,  and  water,  in  the 
following  proportions,  in  the  Paris  pound, 
of  9216  grains;  nitrous  gas,  627*  grains; 
vital  air,  1082^  grains;  water,  7506  grains. 
4th,  That  nitrous  gas  eoniifls  of  the  nitrous 
acid,  deprived  of  vital  air,  or  the  oxyginous 
principle.  5th,  That  in  all  the  operations 
wherein  nitrous  gas  is  obtained,  the  ni- 
trous acid  is  decompofed,  and  its  oxyginous 
principle  abforbed  by  the  combuftible  body, 
with  which  it  has  a  ftronger  affinity  than 
with  the  nitrous  gas. 

There  is,  however,  a  difficulty  atttend- 
ing  this  opinion.  Mr.  Lavoiiier  did  not  fuc- 
ceed  in  recompoiing  all  the  acid  he  made 
ufe  of,   but  loft  at  leaft  the  half,  and  the 
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quantity  of  pure  air  obtained  was  much 
more  than  neceflary  to  faturate  the  whole 
quantity  of  nitrous  gas  :  he  confeffes  that 
he  cannot  account  for  this  circumftance, 
Macquer  fuppofes  it  to  depend  on  the  lofs  of 
phlogifton,  or  light,  which  he  confiders  as 
one  of  the  principles,  and  fuppofes  to  be 
diffipated  through  the  pores  of  the  veflel 
during  its  decompolition,  a  part  of  the  pure 
air,  which  is  not  diffipable  in  the  fame 
manner,  being  left  behind.  But  though 
this  laft  opinion  feems  to  remove  the  diffi- 
culty, it  is  not  eafy  to  fay  why  one  part  of 
the  phlogifton  {hould  remain  in  the  nitrous 
gas,  while  the  other  efcapes  through  the 
pores  of  the  veflel. 

The  fpecies  of  gas,  which  remains  after 
the  mixture  of  nitrous  gas  and  pure  air,  has 
been  equally  embarraffing  to  chemifts  ;  this 
refidue  was  very  inconfiderable  in  Mr.  La- 
voifier*s  experiment,  7  parts  and  4-d  of  ni- 
trous gas,  with  4  parts  of  vital  air,  having 
left  only  the  34th  part  of  their  whole  bulk. 
This  chemift  has  fince  afcertained,  that  the 
refidue  is  much  fmaller  when  the  fluids  are 
very  pure,  and  in  accurate  proportions :  if  a 
combination  of  nitrous  gas  and  vital  air 
fhould  be  made,  in  fuch  proportions  as  to 
leave  no  refidue,  which  Mr.  Lavoifier  ex- 
perts to  accomplifh,  it  will  greatly  add  to 
the  probability  of  his  opinion. 

There  is  npt  the  fame  difficulty  concern- 
C  3  ing 
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ing  the  aeriform  rcfidue  obtained,  after  the 
combination  of  i6  parts  of  atmofpheric  air 
with  7  and  |d  of  nitrous  gas ;  this  fluid  is 
known  to  be  phlogifticated  gas,  or  atmo- 
fpheric mephitis :  it  is  likewife  eafy  to  con- 
ceive, that  water,  in  contact  with  nitrous 
gas,  may,  in  procefs  of  time,  convert  it  into 
nitrous  acid,  by  virtue  of  the  air  contained 
in  the  iirft-mentioned  fluid. 

But  in  the  theory  of  Mr.  Lavoifier,  the 
nature  of  the  nitrous  acid  remains  to  be  en- 
quired into;  and  this  point  has  been  cleared 
up  by  a  valuable  experiment  of  Mr.  Caven- 
difh  :  he  introduced  into  a  tube  of  glafs,  7 
parts  of  vital  air,  obtained  without  the  af-. 
fiftance  of  nitrous  acid,  and  3  parts  of  phlo- 
gifticated gas,  or  atmofpheric  mephitis  j  the 
eleftric  fpark  being  paffed  through  this  mix- 
ture, its  bulk  was  much  diminiftied,  and  it 
became  changed  into  nitrous  acid.  Hence 
he  concludes,  that  this  acid  is  a  combination 
of  7  parts  of  vital,  and  3  of  phlogifticated 
air;  and  that  when  a  certain  proportion  of 
the  lirft  of  thefe  principles  is  taken  away,  as 
happens  when  metals,  &c.  are  diflblved,  it 
becomes  nitrous  gas  ;  confequently,  accord- 
ing to  this  opinion,  the  latter  fluid  muft 
confift  of  atmofpheric  mephitis,  with  a  lefs 
proportion  of  vital  air  than  is  necefl^ary  to 
conftitute  nitrous  acid ;  and  that  the  addi- 
tion of  pure  air  only  is  wanting  to  convert 
nitrous  gas  into  that  acid.  Thefe  experi- 
ments. 
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ments,  and  the  ingenious  theory  deduced 
from  them,  tend  greatly  to  explain  the  for- 
mation of  nitrous  acid,  by  the  putrefadion 
of  animal  matters.  It  is  well  known,  that 
a  large  quantity  of  phlogiflicatcd  gas  is  dif- 
engaged  from  thefe  fubflances  during  the 
putrefactive  procefs;  and  the  neceffity  of  the 
contad:  of  air,  for  the  produdion  of  the 
nitrous  acid,  is  fufficiently  evident,  from  the 
confideration  that  it  is  formed  by  the  union 
of  thefe  two  elaftic  fluids. 

Hence  it  is  likewife  eafy  to  afcertain  the 
difference  between  the  pure,  colourlefs  ni- 
trous acid,  and  that  which  is  yellow  and 
fuming,  called  phlogifticated  nitrous  acid 
by  the  northern  chemiils.  The  latter  exifts 
in  all  cafes,  when  the  proportion  of  its  two 
component  parts  is  not  accurately  fuch  as 
conftitutes  pure  nitrous  acid,  namely,  3 
parts  of  mephitis  to  7  of  vital  air.  But  as 
a  great  number  of  circumftances,  and  in 
general  every  phlogifticating  procefs,  may 
diminifh  the  quantity  of  vital  air,  by  ab- 
forbing  more  or  lefs  of  that  fluid,  it  follows 
naturally,  ift.  That  the  nitrous  acid  is  very 
fubjed  to  alteration,  and  muft  be  more  or 
lefs  fuming  according  to  circumftances. 
3d,  That  in  proportion  to  the  quantity  of 
vital,  or  pure  air,  taken  away,  it  may  exift 
in  many  different  ftates  from  that  of  the 
purefl:  nitrous  acid,  which  contains  the 
iargeft  portion  of  air  to  that  of  nitrous  gas, 
C  4  which 
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which  does  not  contain  enough  to  be  truly 
acid.  3d,  That  if  nitrous  gas  be  totally 
deprived  of  vital  air,  it  vi^ill  be  converted  into 
'phlogifticated  air,  or  atmofpheric  mephitis. 
4th,  That  the  attraction  between  pure  air, 
or  the  oxyginous  principle,  and  nitrous  gas, 
not  being  confiderable,  and  a  great  num- 
ber of  combuftible  bodies  having  a  ftronger 
affinity  w^ith  the  former,  the  nitrous  acid 
muft  be  decompofed  with  much  facility  by 
fuch  bodies.  Thefe  four  remarkable  proper-^ 
ties  ferve  to  explain  a  great  nymber  of  che-? 
mical  phenomena. 

The  affinities  of  the  nicrous  acid  to  the 
alkaline  bafes,  are  the  fame  as  thofe  of  the 
marine  acid.  They  are  arranged  by  Berg- 
man in  the  following  order :  ponderous 
earth,  vegetable  alkali,  mineral  alkali,  lime, 
magnefia,  volatile  alkali,  and  clay.  Ac- 
cording to  this  celebrated  chemifl,  the  phlo- 
gifticated  nitrous  acid  has  the  fame  elecflive  at- 
traftions  as  the  pure  acid  itfelf.  It  is  ftronger 
than  the  acids  before  treated  of,  and  difen- 
gages  the  cretaceous,  fparry,  and  marine  acids 
from  their  bafes. 

The  nitrous  acid  is  of  very  extenfive  ufe 
in  the  arts ;  under  the  name  of  aqua  fortis, 
it  is  more  particularly  employed  to  diflblve 
mercury,  copper,  and  filver,  by  water-gild- 
ers, engravers,  and  in  domeftic  and  metal- 
lurgic  operations,  &c.  In  furgery  it  is  ufed 
to  deftroy  excrefcences,  and  fmall  indolent 
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tumours.  In  pharmacy  it  is  ufed  in  many 
preparations ;  fuch  as  mercurial  water,  red 
precipitate,  martial  alkaline  tinftureofStahl, 
the  yellow  unguent,  &c.  &c. 

Species  V.     The  Vitriolic  Acid. 

The  vitriolic  acid  is  a  very  cauftic  faline 
fubftance,  which,  when  concentrated,  burns 
and  corrodes  the  fkin,  reddens  the  fyrup  of 
violets,  and  exhibits  a  rough ftyptic  taftewhcn 
much  diluted  with  water.  This  acid  has  the 
form  of  a  very  tranfparent,  oleaginous  fluid, 
twice  as  heavy  as  diftilled  water,  and  with- 
out fmell ;  it  contains  the  acid  united  with 
water,  from  which  it  cannot  be  entirely  fe- 
parated  by  any  known  method.  It  is  called 
vitriolic  acid,  becaufe  it  was  formerly  ob- 
tained from  martial  vitriol,  by  diftillation* 
It  is  now  obtained  in  France,  and  in  Eng- 
land, by  the  complete  combuftion  of  ful- 
phur,  as  will  be  more  amply  explained  in 
the  hiftory  of  that  combuftible  fubftance. 

This  acid  takes  the  concrete  form,  either 
by  expofure  to  cold,  or  by  combination  with 
feveral  elaftic  fluids. 

The  adtion  of  light  on  the  vitriolic  acid 
is  not  known.  Some  chemifts  have  aflirmed, 
that  oil  of  vitriol,  expofed  in  well-clofed 
vefTels  to  the  rays  of  the  fun,  becomes  gra- 
dually more  and  more  coloured,  and  even 
that  fulphur  is  formed  :  this  phenomenon, 
which  would  afford  a  ftrong  confirmation  of 

the 
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the  do<5lrine  of  Stahl,  is  very  far  from  being 
proved;  and  it  is  even  probable  that  it  docs 
HOC  take  place:  for  we  fhall  hereafter  fhewr 
that  the  vitriolic  acid  cannot  be  converted 
intofulphur,  but  by  the  lofs  of  its  pure  air, 
or  oxyginous  principle,  and  this  feparation 
cannot  be  made  in  clofed  veffels. 

Stahl  confidered  the  vitriolic  acid  as  the 
moft  univerfally  diffufed,  and  the  principle 
of  all  other  acids.  The  firft  of  thefe  afler- 
tions,  founded  on  the  confideration  that 
linen  cloths,  impregnated  with  fixed  alkali, 
and  expofed  to  the  air,  become  charged,  in 
procefs  of  time,  with  vitrioUted  tartar,  or 
the  fait  formed  by  the  union  of  the  alkali 
with  vitriolic  acid,  is  now  fhevvn  to  befalfe; 
becaufe  thefe  cloths  are  not  found  to  contain 
an  atom  of  vitriolated  tartar,  though  they 
abound  with  cretaceous  tartar,  which  has 
been  improperly  called  aerated  alkali.  As 
to  the  fecond,  it  is  by  no  means  prov- 
ed that  the  other  acids  owe  their  origin 
to  the  vitriolic.  Modern  experiments  havG 
fhewn,  that  each  acid  has  its  peculiar  prin- 
ciples, different  from  every  other,  excepting 
the  oxyginous  principle,  which  is  common 
to  all. 

Oil  of  vitriol,  heated  in  a  retort,  becomes 
more  concentrated  by  the  lofs  of  a  part  of 
its  water,  and  is  not  volatilized  but  by  a 
ftrong  heat.  Coloured  vitriolic  acid  be- 
comes clear  and  tranfparent  by  the  aftion  of 
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heat.  During  this  operation,  which  is  called 
concentration  and  rectification  of  the  vitriolic 
acid,  a  gas  of  a  very  penetrating  fmell,  v/hich 
we  fliail  hereafter  have  occafion  to  foeak  of, 
under  the  name  of  fulphureous  gas,  and 
was  the  caufe  of  its  colour,  is  fepa- 
rated.  Though  this  operation  appears  to 
render  the  vitriolic  acid  more  clear  and  pure, 
it  mufl;  be  carried  ftill  further,  if  the  acid 
be  defired  in  a  high  ftate  of  purity.  The 
fad;  is,  that  the  ordinary  method  of  con-^ 
centrating  oil  of  vitriol,  deprives  it  only  of 
water  and  fulphureous  gas,  without  feparat- 
ing  the  fixed  matters  by  which  it  may  be 
changed  :  its  complete  purification  requires 
that  it  be  diftilled  to  drynefs;  changing  the 
recipient  as  foon  as  the  acid  in  the  retort  is 
fufficiently  concentrated  by  the  firft  part  of 
the  procefs  :  the  dry  white  refidue,  which 
finally  remains  in  the  retort,  confifts  of  vi- 
triolated  tartar,  and  fome  other  fubftances 
taken  up  by  the  acid  at  ttit  time  of  its  origi- 
nal manufadlure. 

Oil  of  vitriol,  expofed  to  the  air,  attradls 
humidity,  and  lofes  a  part  of  its  force  and 
caufticity  ;  it  likewife  becomes  coloured,  by 
means  of  the  combuftible  particles  which 
float  in  the  atmofphere,  and  are  ftrongly 
a<5ted  on  by  this  acid  :  the  quantity  of  moif- 
ture  it  abforbs  by  this  expofure,  is  nearly 
double  its  own  weight.  The  Due  D'Ayen, 
by  a  curious  fet  of  experiments,  made  during 
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the  violent  froft  in  the  month  of  January, 
1776,  has  ihewn,  that  highly-concentrated 
oil  of  vitriol,  expofed  to  cold  between  13 
and  I  5  degrees  of  Reaumur's  thermometer, 
becoqies  congealed  ;  that  when  it  is  diluted 
with  2  or  3  parts  of  water,  it  cannot  be 
frozen  5  and  that,  if  it  be  left  continually 
expofed  to  the  air  in  its  frozen  ftate,  it  be- 
comes again  fluid,  though  the  temperature 
of  the  atmofphere  continues  as  cold,  or  even 
becomes  colder  than  before.  This  laft  phe- 
nomenon is  produced  by  the  water  contained 
in  the  atmofphere,  with  which  the  acid 
unites,  and  produces  an  increafe  of  tempe- 
rature fufficient  to  counterad:  and  overcome 
the  power  of  congelation. 

Oil  of  vitriol  unites  to  water  with  pheno- 
mena, that  indicate  a  fudden  penetration,  and 
intimate  union.  A  ftrong  degree  of  heat, 
attended  with  a  kind  of  hiffing  noife,  is  pro- 
duced, a  peculiar  fmell  being  at  the  lame 
time  emitted.  The  acid,  thus  diluted  with 
water,  lofes  much  of  the  inteniity  of  its  tafte, 
and  its  fluidity  is  greater. 

It  is  then  called  fpirit  of  vitriol :  by  con- 
centration it  returns  again  to  the  ftateof  oil 
of  vitriol. 

This  acid  does  not  adl  on  quartzofe  earths, 
not  even  when  they  have  been  previoufly  dif- 
folved  in  alkalis  :  it  combines  with  clay, 
ponderous  earth,  magnefia,  lime,  and  alkalis^ 
forming  aluin,  ponderous  fpar,  Epfom  fait, 
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felenite,  vitriolated  tartar,  Glauber's  fait,  and 
vitriolic  ammoniac  3  its  eledlive  attradlions 
for  thefe  bafes  have  the  fame  order  as  thofe 
of  the  marine  and  nitrous  acids,  but  they  are 
ftronger;  this  acid  being  capable  of  difen- 
gaging  either  of  the  others  from  its  bafe. 

The  adtion  of  oil  of  vl.iiol  on  other  acids 
has  not  yet  been  well  afcertained  ;  we  only 
know,  ift.  That  it  abforbs  a  large  quantity 
of  the  cretaceous  acid.  2d,  That  it  unites 
fo  eafily  with  the  marine  acid,  as  to  produce 
heat,  and  the  difengagement  of  a  large  quan- 
tity of  marine  acid  gas  in  white  vapours. 
Boerhaave  affirms,  in  his  chemillry,  that  the 
marine  acid  renders  oil  of  vitriol  concrete, 
which  may  perhaps  be  true  of  the  aerated  or 
dephlogifticated  marine  acid.  3d,  That  the 
while  and  pure  nitrous  acid,  added  to  oil  of 
vitriol,  coloured  by  a  combuftible  body, 
renders  it  tranfparent,  and  is  exhaled  in  the 
form  of  nitrous  gas,  on  the  application  of 
heat  to  the  mixture.  4th,  That  nitrous  gas, 
added  to  oil  of  vitriol,  caufes  it  to  take  a 
concrete  form,  as  we  (hall  more  largely  fhew 
in  treating  of  the  decompofition  of  nitre  by 
martial  vitriol. 

The  mode  of  adion  of  the  vitriolic  acid 
on  combuftible  bodies  greatly  elucidates  the 
nature  and  principles  of  this  acid  ;  whenever  • 
a  combuftible  body,  as  for  example,  a  metal, 
or  any  animal  or  vegetable  fubftance,  is 
placed  in  eontadt  with  concentrated  oil  of 
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vitriol,  it  pafTes  with  a  greater  or  lefs  degree 
of  rapidity  to  the  ftate  of  bodies  which  have 
been  burned,  and  the  acid  is  at  the  fame  time 
decompofed. 

Bodies  containing  oil,  become  black  when 
plunged  in  cold  vitriolic  acid,  the  acid  at 
the  fame  time  affuming  firft  a  brown,  and 
afterwards  a  black  colour;  if  an  inflammable 
body  in  combuftion,  as  for  example,  red  hat 
charcoal,  be  plunged  into  this  acid,  it  im- 
mediately aiTumes  a  degree  of  volatility,  with 
a  fulphureous  fmell,  emitting  at  the  fame 
time  a  white  fufFocating  fume.  If  the  acid 
be  put  in  contadl  with  a  combuftible  body  of 
a  more  fimple  nature  than  organic  fubftances^ 
the  changes  which  follow  may  be  more  eafily 
perceived  and  eftimated,  and  the  principles 
of  the  vitriolic  acid  miay  by  that  means  be 
feparated  and  known.  When  oil  of  vitriol 
and  mercury  are  heated  together  in  a  retort, 
whofe  neck  is  plunged  beneath  a  glafs  veffel 
filled  with  the  fame  metallic  fluid,  a  per-» 
manent  gas,  of  a  ftrong  and  penetrating  fmell, 
limilar  to  that  of  burning  fulphur,  is  pro- 
duced as  foon  as  the  acid  boils. 

This  aeriform  acid,  known  by  the  name 
of  fulphureous  acid  gas,  is  fomewhat  heavier 
than  common  air ;  it  extinguishes  flame,  de- 
ftroys  animal  life,  reddens  and  difcolours 
fyrup  of  violets,  unites  to  water  with  lefs 
rapidity  than  the  marine  acid  gas,  and  ac- 
cording to  Priefl:ley,  diffolves  chalk,  fulphur, 
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^nd  iron  ;  It  is  abforbed  by  charcoal,  and  all 
very  porous  bodies ;  it  is  a  peculiar  modifi- 
cation of  the  vitriolic  acid,  capable  of  form- 
ing with  alkaliRcfalts,  very  different  from 
thofe  produced  by  the  combuftions  of  that 
acid  itfelf.  Stahl,  who  paid  particular  at- 
tention to  thefe  important  phenomena,  ima- 
gined, that  in  this  combination  the  phlo- 
gifton  of  the  metal  united  with  the  acid,  and 
gave  it  fmell,  volatility,  &c.  but  this  great 
chemift,  not  having  purfued  the  experiment 
to  a  fufficient  length,  was  doubtlefs  unac- 
-quainted  with  the  circumftance,  that  the 
ftrongeft  objed:ions  againft  his  docftrine  may 
be  deduced  from  thefe  fadts.  M.  Lavoifier, 
M.  Bucquet,  and  myfelf,  have  feverally 
•examined  the  fucceffion  of  phenomena,  which 
take  place  during  the  mutual  action  of  mer- 
cury and  thevitriolicacid.  As  foon  as  the  mix- 
ture becomes  white  and  dry,  fcarcely  any  ful- 
phureous  gas  palfes  over ;  if  this  vitriolic 
mercurial  lalt  be  then  ftrongly  heated,  a  fmall 
quantity  of  water  is  difengaged,  together  with 
gas  of  a  totally  different  nature  from  the  form- 
er. It  coniifts  of  air,  as  pure  and  refpir- 
able  as  that  which  Dr.  Prieftley  calls  de- 
phlogifticated  air.  In  proportion  as  this  air 
paffes  over,  the  mercury  is  reduced  to  its 
fluid  and  metallic  ftate,  abfolutely  fimilar  to 
that  which  it  originally  poffeffed,  and  is  in- 
tirely  recovered,  excepting  certain  portions, 
which,  together,  do  not  amount  to  the  eighth 

part 
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part  of  the  quantity  made  ufe  of.  Hence  it 
appears,  that  the  mercury  not  having  been 
at  all  altered,  the  two  gafes,  which  come 
over,  are  produced  by  a  decompofition  of  the 
vitriolic  acid  itfelf.  Sulphureous  gas  ap- 
pears to  have  the  fame  relation  to  this  acid 
as  the  nitrous  gas  has  to  the  acid  of  nitre. 
There  is,  however,  fome  difference  in  the 
compoiition  of  thefe  two  acids ;  for  it  has 
not  been  found  practicable  immediately  to 
reproduce  the  vitriolic  acid  by  uniting  the 
two  gafes  it  affords,  though  this  may  be  done 
at  pleafure  with  the  nitrous  acid.  It  is  pro- 
bable, that  the  recompolition  of  the  vitri- 
olic acid  requires  a  confiderable  fpace  of 
time,  lince  it  really  takes  place  when  com- 
pounds of  the  fulphureous  acid,  with  diffe- 
rent bafes,  are  expofed  to  the  air,  and  are 
found  at  length  to  contain  mere  vitriolic  acid. 
Thus  it  is  that  the  combination  of  the  ful- 
phureous acid  with  the  fixed  vegetable  alkali, 
commonly  known  by  the  name  of  fulphu- 
reous fait  of  Stahl,  being  expofed  to  the  air, 
becomes  converted  into  vitriolated  tartar  at 
the  end  of  a  certain  fpace  of  time. 

From  thefe  experiments,  Mr.  Lavoifier 
concludes,  ifl.  That  the  vitriolic  acid  is  a 
compound  of  fulphur  and  vital  air,  or  the 
oxyginous  principle,  2d,  That  when  a 
combuftible  body  is  prefented  to  this  acid, 
v^hich  has  a  flronger  affinity  than  vital  air 
to  fulphur,  it  feizes  the  pure  air,  and  de- 

compofes 


VITRIOLIC    ACID.  49 

compofes  the  acid.  3d,  That  if  the  com- 
buftible  matter  do  not  feize  the  whole  of  the 
pure  air,  as  is  the  cafe  with  moft  metallic  fo- 
lutions  in  oil  of  vitriol,  the  fubflance  difen- 
gaged  is  not  pure  fulphur,  but  fulphureous 
acid  gas.  4th,  That  this  gas  occupies  the 
middle  place  between  fulphur  and  vitriolic 
acid,  and  muft  be  confidered  as  vitriolic  acid 
deprived  of  a  certain  quantity  of  its  pure 
air,  or  as  fulphur  rendered  feebly  acid  by 
a  portion  of  vital  air;  in  order,  there- 
fore, to  caufe  this  gas  to  become  true  ful- 
phur, nothing  more  is  required  than  to  de- 
prive it  of  this  portion  of  air;  an  event 
which  happens  towards  the  end  of  metallic 
folutions  by  the  vitriolic  acid,  when  thefe 
folutions  are  evaporated  and  ftrongly  heated. 
It  may  likewife  be  readily  underftood  in  what 
manner  the  fulphureous  acid  becomes  gra- 
dually converted  into  vitriolic  acid,  by  ab- 
forbing  the  pure  air,  or  oxyginous  principle, 
contained  in  the  atmofphere. 

Sulphureous  gas  is  capable  of  uniting  fome- 
what  intimately  with  the  vitriolic  acid,  to 
which  it  gives  the  property  of  emitting  thick 
w^hite  vapours.  Meyer,  in  his  chemical 
effays  on  quick-lime,  fpeaks  of  a  fmoking 
oil  of  vitriol,  prepared  at  Narthaufen  in 
Saxony,  by  the  diftillation  of  common  vi- 
triol. This  chemift,  after  Chriftian  Bern- 
hard,  a  German  chemift,  mentions  a  con- 
crete  and  fuming  acid   fait,  obtained  from 
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^^Lj)th«'^I.(Mil  of  vitriol  by  diftillation.  Having 
id^n  opjDortunity  of  procuring  a  few  pounds 
of  this  Saxon  acid,  I  obferved  the  proper- 
ties mentioned  by  Meyer  -,  and  by  a  gentle 
heat,  I  obtained  a  concrete  fuming  volatile 
fait,  in  deliquefcent  cryftals,  of  two  forms, 
according  to  the  defcription  of  Chriftian 
Bernhard.  A  number  of  experiments  which 
I  have  defcribed,  in  a  memoir  to  be  in- 
ferted  among  thofe  of  the  Royal  Academy  of 
Sciences,  have  convinced  me,  ift.  That  the 
property  of  fuming  and  affording  a  concrete 
volatile  fait,  ari fes  from  the  fulphureous  gas 
contained  in  a  large  proportion  in  the  black 
oil  of  vitriol  of  Narthaufen.  2d,  That  in 
proportion  as  it  lofes  this  gas  by  expofure  to 
air,  it  ceafes  to  emit  fumes,  and  affords  no 
more  concrete  fait.  3d,  That  water  difen- 
gages  this  gas,  and  deprives  the  Saxon  vi- 
triolic acid  of  its  fuming  property,  &c, 
4th,  and  lallly.  That  this  concrete  and  very 
fuming  acid  fait,  obtained  by  diftillation,  is 
a  faturated  combination  of  oil  of  vitriol  and 
fulphureous  gas,  which  gradually  becomes 
converted  into  ordinary  vitriolic  acid,  by  ex- 
pofure to  air.  Two  concrete  vitriolic  acids 
are  therefore  known  ;  the  one  formed  by  the 
addition  of  nitrous,  and  theother  of  fulphu- 
reous gas  :  I  do  not  doubt  but  that  other 
concrete  modifications  occafioned  by  its  com- 
bination with  other  gafes,    as  the  dephlo- 
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gifticated  marine  acid  gas,  &c.  will  hereafter 
be  difcovered. 

The  vitriolic  acid  is  ufed  in  many  arts, 
particularly  in  dying;  it  is  one  of  the  moft 
common,  and  moft  neceffary  folvents  made 
ufe  of  in  chemiftry;  it  is  employed  in  me- 
dicine externally,  as  a  powerful  cauftic,  and 
internally,  when  diluted  with  water,  fo  as  to 
be  fcarce  fen fibly  acid,  as  a  refrefliing,  cool- 
ing, and  antifeptic  medicine. 

The  fulphureous  acid  is  employed  in  dy- 
ing; it  is  ufed  to  whiten  filks,  to  take  out 
fpots  occafioned  by  vegetable  juices,  &c. 

Species  VI.    Acid  of  Borax,  or  Sedative  Salt. 

The  labours  of  a  great  number  of  chemifts 
have  {hewn,  that  borax  is  a  neutral  fait, 
formed  by  the  combination  of  a  peculiar  acid 
with  mineral  alkali ;  this  acid  was  called  fe- 
dative  fait  by  its  difcoverer,  Romberg.  Some 
moderns  call  it  the  acid  of  borax ;  the  name 
of  fedative  fait,  by  which  it  is  generally 
known,  is  improper,  and  ought  to  be  re- 
jefted. 

Many  chemifts  have  fuppofed  that  this 
acid  is  an  artificial  produdl,  formed  by  the 
combination  of  the  falts  made  ufe  of  in 
its  manufadure  j  butfince  Mr.  Hoefer,  apo- 
thecary to  the  Grand  Duke  of  Tufcany,  has 
difcovered  that  the  waters  of  feveral  lakes  in 
that  country  contain  it,  in  a  ftate  of  great 
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purity,  it  cannot  be  doubted  but  that  it 
is  a  peculiar  acid.  The  chemifts  of  the 
academy  of  Dijon  have  confirmed  this  dif- 
covery,  by  analyzing  the  waters  of  Mon- 
terotondo  which  were  fent  to  them,  and  in 
which  they  found  fedative  fait,  as  difcovered 
by  Mr.  Hoefer.  It  is  probable  that  it  may 
hereafter  be  found  in  other  mineral  waters; 
it  feems  to  be  produced  by  the  putrefadion 
of  fat  fubftances. 

Sedative  fait,  whether  native,  or  obtained 
from  borax,  by  the  procefs  to  be  mentioned 
under  that  article,  is  a  concrete  fubftance, 
cryftallized  in  fmall  white  fcales,  exceed- 
ingly thin,  irregularly  cut  at  their  edges, 
very  light,  and  fometimes  brilliant  in  a 
certain  degree.  Its  tafte  is  feebly,  though 
fenfibly,  acid ;  it  flightly  reddens  the  tindlure 
of  violets,  and  alfo  that  of  turnfole  much 
more  fenfibly ;  it  is  not  volatilized  by  fire, 
but  melts  at  a  confiderable  red  heat  into  a 
tranfparent  glafs,  which,  upon  expofure  to 
the  air,  becomes  opake,  and  covered  with  a 
light  white  powder.  This  glafs  is  the  acid 
of  borax  unaltered,  and  recovers  its  cryftal- 
line  form,  by  folution  in  water,  and  fubfe- 
quent  cryfl:allization. 

Thfe  acid  of  borax  is  not  changed  by  the 
adlion  of  air,  whether  it  be. hot  or  cold,  or 
in  a  ftate  of  humidity  or  drynefs. 

It  is  difficultly  foluble  in  water,  a  pound* 
*  9216  grains. 
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of  this  fluid,  boiling  hot,  diflblving  no  more 
than  83  grains  ;  according  to  the  acade- 
micians of  Dijon,  it  cryftallizes  by  cooling, 
and  by  evaporation.  This  folution  imme- 
diately reddens  the  tincture  of  turnfole,  and 
changes  the  colour  of  fyrup  of  violets,  though 
flowly.  If  fedative  fait,  moiftened  with  a 
little  v/ater,  be  heated  in  a  cucurbit  with  a 
head,  a  part  of  the  acid  fublimes  with  the 
water  which  rifes,  but  the  fublimation  ceafes 
as  foon  as  the  water  has  all  rifen  j  a  circum- 
ftance  which  proves,  that  this  fait  alone  is 
fixed,  as  may  be  fhew^n  by  melting  it  in  a 
crucible ;  by  fublimation  in  this  manner 
with  water,  fedative  fait  may  be  obtained  in 
fine  brilliant  cryftals,  if  the  operation  be  well 
managed.  This  fait,  called  fublimed  feda- 
tive fait,  is  very  pure. 

The  fedative  acid  is  ufed  to  fufe  vitrifiable 
earths,  with  which  it  forms  clear,  and  nearly 
colourlefs  glaffes;  by  the  affiflance  of  heat, 
it  diflblves  the  earth  precipitated  from  the 
liquor  of  flints.  It  unites  with  ponderous 
earth,  magnefia,  lime,  and  alkalis,  and  forms 
tvith  thefe  diflferent  fubftances,  falts,  difl:in- 
guiflied  by  the  general  name  of  Borax,  of 
which  there  is  only  one  fpecies  which  is  yet 
w^ell  known. 

All  thefe  properties,  and  more  efpecially 
its  tafle,  the  red  colour  it  communicates  to 
vegetable  alkalis,  and  its  neutral  combina- 
tions  with   alkalis,    fufiiciently  indicate   its 

D  3  acid 


54  ACID    OF    BORAX. 

^cid  nature ;  but  it  is  the  moft  feeble  of  all 
the  acids,  and  is  difengaged  from  its  bafes, 
even  by  the  cretaceous  acid. 

The  action  of  acids  on  fedative  fait  is  not 
well  known  ;  it  appears  to  be  partly  decom- 
pofed  by  the  vitriolic  acid,  the  latter  be- 
coming fulphureous  when  diftilled  from  this 
fait.  As  to  the  nitrous  and  marine  acids,  it 
is  known  that  they  diflblve  it;  but  their 
mutual  aftion  has  not  been  obferved  with 
fufficient  accuracy  to  determine  whether  any 
decompofition  takes  place. 

There  have  been  many  different  opinions 
refpe6ling  the  nature  and  formation  of  fe- 
dative fait ;  many  chemifts  have  thought  it 
to  be  an  intimate  combination  of  vitriolic 
acid,  and  vitrifiable  earth,  with  a  fat  fub- 
ftance.  MefTrs.  Bourdelin  and  Cadet  fup- 
pofed  it  to  be  formed  of  marine  acid  ;  the 
latter  imagined,  that  it  contains  a  fmall  pro- 
portion of  earth  of  copper,  becaufe,  like  the 
calces  of  that  metal,  it  gives  a  green  colour 
to  flame.  Cartheufer  affirms,  that  fedative 
fait,  when  dried  by  a  gentle  heat,  emits  va- 
pours of  fpirit  of  fait ;  that  this  dry  fait  be- 
ing diflTolved,  a  grey  earth  remained  on  the 
filter ;  laftly,  that  by  repeating  the  deficcar. 
tions  and  folutions  a  great  number  of  times, 
the  fait  is  intirely  decompofed,  fo  that  it 
feemed  to  be  a  modification  of  marine  acid, 
fixed  by  an  earth.  Meflrs.  Macquer  and 
PouUetier  de  la  Salle  have  repeated  this  ex- 
periment; 
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periment^  they  obferved  the  difengagement 
of  a  vapour  during  the  calcination  of  the  fe- 
dative  fait,  but  thev  were  not  fatisfied  that 
its  fmell  was  that  of  marine  acid.  By  fuc- 
ceflive  deficcations  and  folutions,  they  ob- 
tained a  fmall  quantity  of  a  grey  earth,  which 
when  combined  with  marine  acid,  did  not 
form  fedative  fait,  as  Cartheufer  had  affirm- 
ed ;  fo  that  the  opinion  of  this  chemift  is  no 
more  proved  than  the  others.  Model  con- 
fidered  this  fait  as  a  combination  of  a  pecu- 
liar alkali,  with  the  vitriolic  acid  made  ufe 
of  in  difengaging  it.  But  the  fedative  acid 
being  always  the  fame  fubftance,  whatever 
may  be  the  acid  employed  to  difengage  it, 
this  opinion  cannot  be  admitted.  Mr.  Baume 
affirms,  that  he  has  fucceeded  in  forming 
fedative  fait,  by  leaving  a  mixture  of  clay  and 
fat  to  digeft  together  for  18  months.  Hence 
he  concludes,  that  this  fait  is  a  combination 
of  the  acid  of  fat  with  a  fubtle  earth,  of 
which  it  cannot  afterwards  be  deprived.  He 
adds,  that  vegetable  oils  afford  the  fame  fait, 
though  more  flowly.  Mr.  Wiegleb  repeated 
this  experiment  of  Baume,  but  no  fedative 
fait  was  produced. 

Chemifts,  at  prefent,  confider  fedative  fait 
as  a  peculiar  acid,  different  from  all  others ; 
and  the  order  of  its  affinities  with  the  alkalme 
bafes  tend  to  fupport  this  affertion.  Bergman 
arranges  them  as  follows :  lime,  ponderous 
D  4  earth. 
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earth,  magnefia,  vegetable  alkali,  mineral 
alkali,  volatile  alkali. 

The  acid  of  borax,  or  fedative  fait,  was 
for  fome  time  employed  in  medicine  on  the 
authority  of  Homberg,  who  affirmed  it  to 
be  fedative,  and  even  narcotic  ^  but  expe- 
rience h^s  fhewn,  that  the  virtues  of  this  fait 
are  not  extraordinary;  it  is  therefore  reje<ft- 
ed ;  and  with  fo  much  the  more  juftice,  as 
it  is  certain  that  we  pofTefs  remedies,  whofe 
adlion  is  much  more  powerful  and  certain. 

It  is  ufed  in  many  chemical  operations,  as 
a  flux,  under  which  character  we  fhall  here^ 
after  have  occafion  to  coufider  it. 


CHAP.       V, 

Order  II.     Secondary,  or  Neutral  Salts. 

T  T  N  D  E  R  the  name  of  fecondary  falts,  we 
^  comprehend  fuch  matters  as  are  com- 
pofed  of  two  primitive  faline  fubflances  com- 
bined together.  Thefe  falts  are  called  neu- 
tral, becaufe  they  do  not  pofTefs  the  charac- 
ters of  primitive  falts  -,  that  is  to  fay,  they 
are  neither  acid  nor  alkaline.  There  are, 
however,  many  falts,  fuch  as  borax,  chalk, 
and  alkalis,  when  united  with  the  cretace- 
ous acid,  which  exhibit  fome  of  the  proper- 
ties of  primitive  falts,  though  in  a  lefs  emi- 
nent 
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nent  degree.  Thefe  fecondary  falts  have  not 
fo  ilrong  a  tafte  as  moil  of  the  primitive, 
their  tendency  to  combination,  and  their  fo- 
lubility  being  lefs  confiderable  ;  but  the  cri- 
terion which  diftinguiflies  them  more  efpe- 
cially  from  the  former  is,  that  they  cannot, 
like  the  primitive  falts,  communicate  the 
faline  properties  to  other  bodies  ;  their  cryf- 
talline  form  is  likew^ife  a  charafter  much  at- 
tended to  by  naturalifts,  and  fometimes  in- 
dicates their  nature,  though  it  may  be  pro- 
ductive of  error  when  too  much  depended 
upon. 

The  term,  bafe,  is  commonly  applied  to 
the  more  fixed  matter  which  enters  into  the 
compofition  of  neutral  falts.  As  this  bafe, 
which  is  fometimes  volatile,  communicates 
feveral  general  charadlers,  fufficiently  uni- 
form in  the  feveral  combinations  it  makes 
with  acids,  we  fhall  alfume  the  name  of  the 
bafe  to  diftinguifh  the  genera  of  fecondary 
falts,  and  fhall  therefore  divide  thefe  falts 
into  as  many  genera,  as  there  are  faline  or 
alkaline  bafes  capable  of  being  united  with 
acids. 

The  firft  genus  comprehends  fuch  as  are 
formed  by  the  union  of  fixed  alkalis  with 
acids.  We  ihall  call  them  perfedl  neutral 
falts,  becaufe  the  union  of  their  component 
parts  is  very  intimate. 

The  fecond  genus  includes  fuch  as  are 
formed  by  the  combination  of  the  volatile 

alkali 
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alkali  with  acids.  They  are  diftinguifhed 
by  the  name  of  ammoniacal  falts,  from 
one  fpecies  which  has  long  been  fo  de- 
nominated. They  may  likewife  be  called 
imperfedt  falts,  becaufe  they  are  much  more 
eafily  decompofed  than  falts  of  the  firft  genus. 

In  the  third  genus  are  arranged  fuch  neu- 
tral falts  as  have  lime  for  their  bafe.  They 
are  in  general  lefs  perfedl  than  thofe  of  the 
fecond  genus,  though  lime  has  a  ftronger 
affinity  to  acids  than  the  volatile  alkalis. 
Thefe  falts  are  denominated  neutral  calca- 
reous falts. 

Magnefia,  combined  with  various  acids, 
conftitutes  the  fourth  genus.  They  are  more 
decompofable  than  thofe  of  the  laft-men- 
tioned  genus,  becaufe  lime  and  alkalis  have 
a  ftronger  affinity  with  acids  than  magnefia. 
They  are  diftinguifhed  by  the  name  of  mag- 
nefian  neutral  falts. 

The  fifth  genus  comprehends  fuch  as  have 
pure  argillaceous  earth  for  their  bafe.  As 
alum  is  the  principal  of  thefe  combinations, 
the  generic  name  of  aluminous  falts  is  given 
to  them.  Alkalis,  lime,  and  magnefia,  in 
moft  inftances,  decompofe  falts  with  an  ar- 
gillaceous bafe. 

Laftly,  We  arrange  in  the  fixth  genus, 
neutral  falts,  with  a  bafe  of  ponderous  earth, 
Thefe  falts,  as  well  as  moft  of  the  two  pre- 
ceding genera,  are  little  known. 

It  may  eafily  be  imagined,  that  thefe  bafes, 

combined 
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combined  with  the  acids,  whofe  properties  we 
have  examined,  muft  afford  a  great  number 
of  neutral  falts ;  and  that  this  number  would 
be  ftill  more  confiderable,  if,  with  Bergman, 
we  were  to  admit,  as  peculiar  falts,  the  union 
of  the  fam.e  fubftances  with  the  acids  which 
he  calls  phlogif^icated,  and  are,  accord- 
ing to  the  modern  dodlrine,  deprived  of 
a  part  of  their  pure  air.  But  thefe  com- 
pounds not  being  durable,  but,  on  the  con- 
trary, fubjed  to  alteration,  by  the  contafl:  of 
air,  which  caufes  them  in  a  fliort  time  to 
become  true  neutral  falts,  I  have  not  judged  it 
neceflary  toadd  them  to  the  number,  but  fhall 
point  out  fuch  of  their  different  properties  as 
depend  on  the  ftate  of  their  acids.  We  muft 
likewife  obferve,  that  the  alkaline  bafes  here 
enumerated,  when  combined  with  aqua  regia, 
afford  nitrous  and  marine  falts,  which  may 
be  obtained  feparate,  and  are  perfectly  fimilar 
to  thofe  afforded  by  the  unmixed  acids ;  we 
(hall  therefore  fpeak  of  thefe  combinations 
in  treating  of  thofe  of  the  fimple  acids. 

In  the  arrangement  of  the  various  neutral 
falts,  we  have  followed  the  order  of  the  affi- 
nities of  the  acids.  That  is  to  fay,  we  be- 
gin with  vitriolic  falts,  after  which  we  place 
nitrous  falts ;  and  after  them,  the  falts  into 
which  the  marine,  the  boracic,  the  fparry, 
and  the  cretaceous  acids  enter,  are  fucceffive- 
ly  treated  of. 

Genus  I. 
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Genus  I.     Perfed:  Neutral  Salts,  or  Salts 
with  Bafe  of  fixed  Alkali, 

Species  I.     Vitriolated  Tartar. 

Vitriolated  tartar,  called  likevvife  fal  de 
duobus,  polychreft  fait,  or  arcanum  dupli- 
catum,  is  a  perfed  neutral  fait,  refultinf 
from  the  combination  of  the  vitriolic  acic 
with  fixed  alkali  of  tartar,  or  the  vegetable 
alkali.  It  rarely  exifts  in  the  mineral  king- 
dom, but  fome  vegetables  contain  a  fmall 
quantity  of  it. 

This  fait  is  ufually  tranfparent  and  regu- 
lar; its  cryftals  vary  in  form  and  magnitude, 
according  to  the  circumftances  in  which  they 
are  obtained.  When  cryftallized  flowly  in 
the  fmall  way,  it  has  the  figure  of  tranfpa- 
rent pyramids,  with  fix  fides,  nearly  fimilar 
to  the  points  of  rofe  diamonds,  and  fome- 
times  fix-fided  prifms,  terminated  by  one  or 
two  hexahedral  pyramids,  like  rock  cryfl:al. 
But  if  the  evaporation  be  conduced  with  ra- 
pidity, thecryfl-als  are  agglutinated  and  con- 
founded, under  the  form  of  a  folid  cruft, 
whofe  furface  is  full  of  irregular  points  or 
pyramids  :  the  fait  met  with  in  commerce  is 
of  this  kind.  Laftly,  When  the  folution  is 
expofed  to  fpontaneous  evaporation,  the 
cryflals  are  frequently  twelve-fided,  con- 
fifting  of  two  hexahedral  pyramids,  united 
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at  their  common  bafe,  and  fometimes  fe- 
parated  by  a  fhort  fix-fided  prifm.  It  is 
true,  that  thefe  laft  cryflals  are  ufually  fouU 
and  never  poflefs  either  the  whitenefs  or 
the  tranfparency  of  fuch  as  are  obtained 
by  the  firft  evaporation.  But  this  diffi*- 
culty  exifts  in  moft  of  the  neutral  falts, 
in  which  the  moft  regular  figure,  and  the 
moft  perfed:  tranfparency,  are  feldom  united. 

Vitriolated  tartar  has  a  bitter,  difagreeable 
tafte.  It  is  not  much  altered  by  the  aftion 
of  heat  ^  when  thrown  on  red-hot  coals,  it 
flies  into  a  number  of  fmall  fragments,  at- 
tended with  noife,  a  phenom.enon  which  de- 
pends on  the  fudden  rarefadlion  of  the  water 
contained  in  its  cryftals.  Vitriolated  tartar 
lofes  none  of  its  effential  properties  by  this 
decrepitation.  It  decrepitates  in  the  fame 
manner,  and  becomes  dry,  friable,  and  even 
pulverulent,  by  the  lofs  of  its  water,  w^hen 
expofed  to  the  adlion  of  heat  in  a  crucible. 
It  becomes  red-hot  before  it  melts,  and  is 
not  fufed  but  by  the  application  of  a  con- 
fiderable  degree  of  heat.  The  melted  mafs, 
when  fuffered  to  cool,  is  opake,  and  not  at 
all  changed  in  its  principles;  for  folution  in 
water  reftores  its  cryftalline  and  tranfparent 
appearance.  If  it  be  kept  in  ftrong  fufion, 
in  an  open  f  effel,  it  is  volatilized  without 
decompofition. 

Vitriolated  tartar  is  not  changed  by  ex- 
pofure  to  air,  but  preferves  its  figure  and 
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tranfparency  without  alteration ;  it  is  fpar- 
ingly  foluble  in  water ;  and  the  quantity 
taken  up  varies  confiderably  with  the  tem- 
perature of  the  fluid.  According  to  Spiel- 
man,  about  1 8  parts  of  cold  water  are  re- 
quired to  diflblve  one  of  vitriolated  tartar, 
whereas  boiling  water  diflblves  near  J  of  its 
weight;  for  Mr.  Baume  afferts,  that  4  ounces 
of  boiling  water,  diffolves  more  than  7  gros^ 
48  grains,  of  vitriolated  tartar:*  it  cryftal- 
lizes  partly  by  cooling,  and  ftill  more  by 
evaporation  :  it  retains  but  a  fmall  proportion 
of  water  in  its  cryftals,  which  feems  to  be 
the  caufe  why  it  does  not  change  by  expofure 
to  air. 

Vitriolated  tartar  does  not  aft  on  the  Am- 
ple earths :  it  has  been  obferved,  that  the 
vitriolated  tartar,  cafually  contained  among 
the  falts  ufed  as  fluxes  in  the  making  of 
glafs,  is  found  again  in  the  fcorias ;  and  a 
confiderable  quantity  may  be  obtained  from 
glafs  gall. 

Ponderous  earth  decompofes  vitriolated 
tartar,  according  to  Bergman,  becaufe  it  has 
a  llronger  affinity  than  fixed  alkali  to  the 
vitriolic  acid.  If  a  fmall  quantity  of  this 
earth  be  added  to  a  folution  of  vitriolated 
tartar,  a  precipitate  is  formed,  confifling  of 
ponderous  fpar,  which  is  perfeAly  infoluble, 

*  That  is  to  fay,  2304  grains  of  boiling  water,  diiTolve 
552  of  vitriolated  tartar.     T. 
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and  will  be  examined  under  that  bafe ;  the 
vegetable  fixed  alkali,  in  its  cauftic  and  pure 
Hate,  remains  diflblved  in  the  liquid. 

Lime  and  magnefia  produce  no  change  in 
vitriolated  tartar ;  but  many  acids  have  a  very 
confiderable  aftion  on  it.  Rouelle  firft  afTured 
us,  that  it  is  poffible  to  combine  a  larger  quan- 
tity of  vitriolic  acid  with  it  than  it  naturally 
contains.  His  procefs  coniifted  in  diftilling 
oil  of  vitriol  from  vitriolated  tartar;  the  lat- 
ter thus  becomes  impregnated  with  the  acid, 
and  acquires  new  properties,  fuch  as  thofe 
of  reddening  tincture  of  violets,  of  being 
more  foluble  in  ^ater,  acid  tafte,  and  of  ef*- 
fervefcing  with  cretaceous  alkalis,  even  after 
folution  and  cryftallization.  Mr.  Baume 
infifts,  that  this  fuperabundant  acid  is  not 
really  combined,  and  that  the  fait  may  be 
deprived  of  it,  by  being  placed  on  bibulous 
paper,  or  fand.  Mr.  Macquer,  however,  re- 
marks, that  the  vitriolic  acid  adheres  w^ith 
confiderable  force  to  vitriolated  tartar,  and 
thinks  that  this  adherence  arifes  from  a  pe- 
culiar affinity  between  thefe  two  fubftances, 
lince,  according  to  him,  it  cannot  be  de- 
ftroyed  by  the  adtion  either  of  fire  or  water. 
I  have  feveral  times  made  this  combination 
of  vitriolated  tartar  and  oil  of  vitriol,  after 
the  manner  of  Rouelle,  namely,  by  diftilla- 
tion  in  glafs  retorts,  and  have  obferved  fe- 
veral fadts  not  mentioned  in  the  learned  dif- 
fertation  of  that  author.      The  vitriolated 
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tartar  is  melted  into  a  kind  of  glafs,  of  th^ 
appearance  of  white  enamel,  of  a  very  acid 
tiirte ;  but  this  vitreous  frit  did  not  attradt 
the  hum.idity  of  the  air,  but,  on  the  con- 
trary, exhibited  appearances  of  efflorefcence. 
The  opinion  of  Macquer,  that  the  adherence 
between  this  neutral  fait  and  the  acid  is  con- 
fiderable,  appears  to  be  well  founded,  and 
doubtkfs  arifes  from  a  peculiar  combination. 
Baume  has  obferved,  that  vitriolated  tar- 
tar is  remarkably  affed:ed  by  the  nitrous  acid; 
if  this  fluid  be  boiled  on  the  fait,  the  nitrous 
acid  feizes  the  vegetable  fixed  alkali,  and 
difengages  the  vitriolic  ^id.  When  the 
mixture  is  cooled,  a  cryltallization  of  true 
nitre  is  perceived.  It  was  at  firft  concluded^ 
that  this  decompofition  is  the  effed:  of  heat ; 
but  the  fuming  fpirit  of  nitre,  poured  on 
vitriolated  tartar  in  powder,  depofits  cryf- 
tals  of  nitre  at  the  end  of  a  few  hours.  It 
has  likewife  been  affirmed,  that  when  the 
mixture  becomes  cold,  the  vitriolic  acid  re- 
fumes  its  power,  and  decompofes  the  nitre 
in  its  turn.  I  have  neverthelefs  kept  by  me, 
for  more  than  four  years,  a  mixture  of  vi- 
triolated tartar  and  fpirit  of  nitre,  at  the 
bottom  of  which  are  faline  cryftals,  capable 
of  detonating  on  hot  coals,  which  are  not 
changed,  though  they  are  immerfed  in  the  vi- 
triolic acid,  feparated  by  the  nitrous*  Mr. 
Cornette  has  obferved,  that  the  concentrated 
marine  acid  likewife  decompofes  vitriolated 
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tartar,  even  in  the  cold.  From  thefe  two 
fadls,  it  feems,  that  the  law  of  affinity, 
with  refpedl  to  the  different  acids,  is  not  fo 
conftant  as  has  been  thought :  it  muft,  how- 
ever, be  obferved,  with  Bergman,  ift,  That 
no  more  than  one  third  of  the  vitriolated 
tartar  is  decompofed  in  thefe  experiments, 
however  large  the  quantity  of  the  nitrous  or 
marine  acid  employed  may  be ;  while  the 
vitriolic  acid,  in  a  moderate  dofe,  completely 
decompofes  nitrous  and  marine  falts.  2d, 
That  thefe  decompofitions  do  not  take  place, 
unlefs  the  vitriolated  tartar  contains  a  fmall 
proportion  of  acid  more  than  is  neceffary 
for  its  neutralization.* 

There  is  a  decompofition  of  vitriolated 
tartar  which  requires  to  be  more  particu- 
larly attended  to,  and  is  effefted  by  com- 
buftible  bodies,  particularly  charcoal,  and 
feveral  metallic  fubftances.  -f-  If  a  mixture 
of  this  fait  and  charcoal  be  ftrongly  heated  ia 
a  crucible,  the  vitriolated  tartar  will  no  longer 
appear,  but  a  combination  of  fulphur,  united 
to  fixed  alkali,  will  be  found  inftead  thereof. 
Stahl  regarded  this  experiment  as  a  very  pro- 
per demonftration  of  the  prefence  or  exiftence 
of  phlogifton.      Modern   chemifts    account 

*  This  curious  fubjedl  is  ably  treated  of  by  Bergman, 
in  his  DifTertation  on  Ele£Hve  AttracStions.  See  page  47, 
Englifh  edition. — T. 

t  See  my  Memoires  de  Chimie,  page  225. — Note  of 
the  author. 
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for  the  fad   by  the  pneumatic  theory.     We 
iliall  explain  both  in  the  Hiftory  of  Sulphur. 

One  hundred  parts  of  vitriolated  tartar, 
contain,  according  to  Bergman,  about  52 
parts  of  fixed  vegetable  alkali,  40  of  vitriolic 
acid,  and  8  of  water  of  cryftallization. 

This  fait  rarely  exifting  in  confiderable 
quantities  in  nature,  is  produced  artificial- 
ly for  the  purpofes  of  medicine.  There 
are  three  methods  of  doing  this  :  firft,  By 
direftly  combining  oil  of  vitriol  v^ith  the 
caufi:ic  vegetable  fixed  alkali,  vitriolated  tar- 
tar is  immediately  produced,  which  may  be 
cryftallized  by  folution  in  water.  The  fecond 
method  is,  to  decom.pofe,  by  the  vitriolic 
acid,  fuch  neutral  falts  as  are  produced  by 
the  union  of  the  vegetable  fixed  alkali  with 
other  acids,  fuch  as  nitre,  the  febrifuge  fait 
of  Silvius,  cretaceous  tartar,  &c.  in  thefe 
decompofitions,  vitriolated  tartar  is  always 
produced.  The  third  method  is,  fo  decom- 
pofe  the  earthy  and  metallic  vitriols  by  means 
of  the  vegetable  fixed  alkali.  The  latter 
precipitates  the  falino-terreftrial  fubflances, 
or  the  metals. 

Vitriolated  tartar  is  not  ufed,  except  in 
medicine;  it  is  a  good  purgative,  and  is 
fometimes  given  alone,  in  the  dofe  of  half 
an  ounce  or  an  ounce.  It  is  moft  commonly 
adminiflered  in  a  dofe  of  one  or  two  drachms, 
together  with  other  purgative  medicines.  It 
is  likewife  ufed  as  a  folvcnt  in  chronical  dif- 
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orders,  and  efpecially  in  coagulations  of 
#ie  milk ;  it  is  then  given  in  dofes  of  a  few 
drachms,  in  proper  liquids  ;  but  its  virtue, 
in  this  refped,  is  inferior  to  that  of  many- 
other  more  foluble  and  lefs  naufeous  falts. 

Species  II.     Glauber's  Salt. 

This  fait,  difcovered  by  Glauber,  a  Ger- 
man chemift,  is  perfedlly  neutral,  and  con- 
fifts  of  the  vitriolic  acid,  united  to  the  mi- 
neral alkali,  or  fait  of  Soda.  It  would  be 
more  proper  to  call  it  Vitriol  of  Soda.  This 
fait  has  many  of  the  properties  of  vitriolated 
tartar,  and  others  which  are  peculiar  to  it- 
felf.  It  has  a  bitter  tafte;  is  very  foluble 
in  water ;  and  does  not  unite  with  earths. 
Like  vitriolated  tartar,  it  is  partly  decom- 
pofed  by  the  nitrous  and  marine  acids. 

Glauber's  fait  is  ufually  in  the  form  of  regur 
lar  cryftals,  either  tranfparent  or  femi-opake. 
Its  cryftals  areprifms,  with  fix  unequal  and 
ftriated  fides,  terminated  with  dihedral  fum- 
mits.  But  they  have  not  often  this  regular 
form,  but  are  fubied:  to  very  confidcrable 
variations,  as  Rome  de  Lille  has  fhewn  at 
large  in  his  Cryftallographie.  The  tafte  of 
this  fait  is  at  firft  cooling,  and  is  fue- 
ceeded  by  a  ftrong  bitter.  It  does  not  alter 
vegetable  blue  colours. 

Expofed  to  heat,  it  melts  quickly,  and 
foon  after   becomes  dry,    and   of  an   opake 
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white  appearance,  in  which  ftate  it   cannot 
be  melted  but   by  a  confiderable   heat.     On 
this  occafion,   it    is   neceffary   to  diftinguifli 
two  k^nds  of  fufion,  of  which  faline  matters 
are  capable.      The  firft,  called  the  aqueous 
fufion,   is  produced  by  the  water  which  en- 
ters into  the  formation  of  their  cryflals.     It 
cbrains  only  in  fuch  falts  as  are  more  foluble 
in  hot  than  in  cold  water;  whence  it  follows, 
as  a  confequence,  that  the  w^ater,  which  en- 
ters into  the  formation  of  the  cryftals,  is  ren- 
dered capable  of  diflblving  the  faline  matter. 
The  aqueous  fufion   is  therefore  merely   a 
folution  in  hot  water.     The  Glauber's  fait, 
therefore,  after  this  fufion,   aflAimes  a  con- 
crete form   by  cooling;   but   if  the  heat  be 
urged,  it  becomes  dry  and  white,  and  an- 
other fufion  enfues,  which  is   called  the  ig- 
neous  fufion,  becaufe  produced   merely  by 
the  fire.   Glauber's  fait  appears  to  be  as  diffi- 
cult to  melt  as   vitriolated  tartar;  and   like 
that  fait  is  volatilized  by  a  violent  heat,  with- 
out fuffering  any  alteration  in  its  principles. 
After  the  efcape  of  the  large  quantity  of  wa- 
ter contained  in  the  cryftals  of  Glauber  fait, 
it  becomes  converted  into  a  fine  white  pow- 
der,  by  expofure  to  the  air.     This  pheno- 
menon  is   termed  efflorefcence,  becaufe  the 
pulverulent  form  of  the  cryfiials  refembles 
thofe  matters  which'  are  obtained    in  che- 
miftry  under  the  name  of  flowers.      The 
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efflorefcence  proceeds  more  rapidly  when 
the  air  is  very  dry,  and  confequently 
greedy  of  moifture.  The  phenomenon  of 
efHorefeence  is  therefore  very  analogous  to 
the  drying  of  this  fait  by  heat,  both  depend- 
ing fimply  on  the  evaporation  of  the  water, 
which  is  a  conftituent  part  of  the  cryflals. 
But,  as  the  water  which  enters  into  the 
cryftals  of  Glauber^s  fait,  and  of  every  other 
fait  in  general,  is  truly  combined,  the  ef- 
florefcence appears  to  take  place  by  virtue 
of  an  affinity  between  air  and  water,  which 
is  greater  than  between  water  and  the  faline 
matter.  I  have  always  confidered  effloref- 
cence as  a  phenomenon  of  this  nature,  and  fee 
no  other  way  of  explaining  it.  (Confult  my 
Memoires  de  Chimie.)  Glauber's  fait  lufes 
near  half  its  weight  by  efflorefcence,  but  its 
properties  may  all  be  reftored,  together  with 
itscryftallineform,bythe  addition  of  the  wa- 
ter it  had  loft.  No  medical  author  has  attended 
to  this  circumftance,  which  is  certainly  of 
confequence  in  afcertaining  its  dofes  in  pre- 
rf:riptions.  It  Ihould  be  given  with  a  deduc- 
tion of  about*  one  third  of  its  weight  when  in 
efflorefcence,  compared  with  the  fame  weight 
in  fine  tranfparent  cryftals. 

Glauber's  fait  is  very  foluble  in  water,  four 
parts  of  the  fluid  being  fufficient  to  difl!blve 
one  of  the  fait  ^  and  a  lefs  quantity  will  ferve 
in  proportion  as  its  temperature  is  higher : 
boiling  water  diffolves  nearly  its  own  weight 
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of  this  fait.  It  is  on  this  property  that  the. 
method  of  cryflallizing  it  is  founded.  A  flrong 
folution  of  the  fait  being  left  to  cool,  affords 
cryilals  fo  much  the  more  beautiful,  in  pro- 
portion as  the  quantity  of  matter  is  larger, 
and  the  cooling  more  flow  and  gradual. 
When  the  operation  is  performed  in  the 
large  way,  ftriated  prifms,  of  feveral  inches 
in  length,  are  often  obtained,  in  which  the 
regular  figure  of  the  fait  may  be  feen. 

Glauber's  fait  has  no  more  adtion  on  earths 
than  vitriolated  tartar,  and  does  not  enter 
into  the  formation  of  glafs.  Ponderous  earth 
decompofes  this  fait,  but  the  falino-terref- 
trial  matters  have  no  adion  whatever  upon 
it. 

The  cauftic  vegetable  fixed  alkali,  mixed 
with  a  folution  of  Glauber's  fait,  decompofes 
it,  becaufe  of  the  ftronger  affinity  of  that 
alkali  to  the  vitriolic  acid.  To  (hew  this 
fad:,  caufl:ic  vegetable  fixed  alkali  mull  be 
poured  into  a  hot  and  faturated  folution  of 
Glauber  fait.  This  folution,  which  would 
have  afforded  cryflals  of  Glauber's  fait  byn 
cooling,  affords  only  vitriolated  tartar,  and 
the  mother  water  contains  the  cauflic  alkali 
of  Soda. 

The  vitriolic  acid  combines  with  Glau- 
ber's fait,  in  the  fame  manner  as  it  does  with 
vitriolated  tartar. 

The  nitrous  and  marine  acids  decompofe 
Glauber's  fait  in  the  fame  manner,  and  are  at- 
tended 
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tended    with    fimilar   appearances    to   thofe 
mentioned  in  treating  of  vitriolated  tartar. 

When  Glauber's  fait  is  ftrongly  heated  with 
charcoal,  or  with  certain  metals,  the  vitriolic 
acid  acquires  the  fulphureous  ftate,  aswe  fliall 
obferve  in  our  Hiftcry  o:  Sulphur. 

All  the  properties  in  which  Glauber's  fait 
differs  from  vitriolated  tartar,  fliew  that  the 
two  fixed  alkalis,  which  perfedly  referable 
each  other  when  confidered  in  a  ftate  of  pu- 
rity, are  certainly  different,  fince  they  form 
very  different  falts  with  the  fame  acids.  The 
proportion  of  the  component  principles  is 
likewife  very  different  in  the  two  falts  we 
have  compared  together,  a  centenary  of  Glau- 
ber's fait,  containing,  as  Bergman  finds,  15 
parts  of  mineral  alkali,  27  parts  of  vitriolic 
acid,  and  58  of  water. 

This  fait  is  much  more  abundant  in  na- 
ture than  vitriolated  tartar.  It  is  found  in 
confiderable  quantities  in  the  w^aters  of  the 
fea,  of  fait  fprings,  and  efpecially  in  many 
mineral  waters  :  it  can  always  be  produced 
by  art  by  the  three  methods  fpoken  of  in 
the  article  of  vitriolated  tartar.  It  is  not 
employed  in  the  arts,  but  is  much  ufed 
in  medicine;  it  is  given  as  a  cathartic 
medicine,  from  half  a  dram,  to  an  ounce 
and  half,  according  to  circumftances.  Its 
effecSs  are  more  confiderable  and  fpeedy  than 
thofe  of  vitriolated  tartar,  becaufe  it  is  more 
E  4  ^    foluble 
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foluble  in   the  fluids  of  the   animal  oeco- 
nomy ;  and  its  tafte  is  more  penetrating. 

Species  III.     Nitre. 

Nitre,  or  fait  petre,  is  a  perfed:  neutral 
fait,  formed  by  the  union  of  the  nitrous  acid 
with  the  fixed  alkali  of  tartar.  Its  tafle  is 
cooling,  and  it  does  not  alter  the  colour  of 
fyrup  of  violets.  Its  cryftals  are  fix-fided 
prifmS;,  terminated  by  dihedral  pyramids,  or 
cut  off  with  a  flope,  and  often  perforated 
quite  through  in  the  direction  of  their  axis. 

Nitre  exifts  in  large  quantities  in  nature, 
and  is  continually  formed  in  inhabited  places ; 
it  is  found  in  great  quantities  upon  walls 
which  are  fheltered  from  the  rain;  it  is  then 
called  falpetre  de  houffage. 

There  appear  to  be  three  principal  cir- 
cumftances  that  promote  its  formation,;  the 
firfl  is,  the  prefence  of  chalk,  or  any  other 
calcareous  earth,  as  appears  by  its  being  col- 
lected from  walls  covered  with  plafter,  or 
from  the  ruins  of  ancient  edifices.  This 
fait  is  likewife  found  perfedlly  pure  in 
chalky  earths.  The  Due  de  la  Rochefou- 
cault  obtained  it,  in  the  proportion  of  one 
ounce  in  the  pound,  from  the  chalk  of  Roche 
Guy  on. 

The  fecond  circumftance  neceffary  for  the 
produdlion  of  this  fait,  is  the  putrefadion, 
or  fpontaneous  decompofition  of  vegetable 

and 
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and  animal  matters.  It  is  a  well  known  fadl, 
that  places  which  are  moiftened  with  ?.nimal 
liquids,  or  contain  animal  matters  in  a  ftate 
of  putrefadlion,  fuch  as  dunghills,  ftables, 
privies,  &c.  produce  much  nitre.  This 
conftant  obfervation  has  been  applied  to  the 
formation  of  artificial  nitre-beds.  Dry 
ditches  are  dug  and  covered  with  fheds  open 
at  the  fides ;  thefe  are  filled  with  animal 
fubftances,  fuch  as  dung,  the  excrements  of 
quadrupeds,  or  birds,  with  the  remains  of 
vegetables.  Thefe  matters  are  from  time  to 
time  watered,  efpecially  with  water  charged 
with  animal  or  vegetable  matters  capable  of 
putrefa(flion,  and  they  ai'e  turned  up  to  re- 
new their  furfaces  from  time  to  time.  When 
the  putrefaftion  is  in  an  advanced  ftage,  a 
fmall  portion  of  the  matter  is  taken  up  and 
lixiviated,  to  afcertain  whether  it  contains 
nitre;  and  when  it  is  found  fufiiciently 
charged  with  that  fait,  the  whole  is  lixi- 
viated. 

The  third  circumftance,  which  is  found  to 
favour  the  produd:ion  of  nitre,  is  the  accefs 
of  air ;  this  is  the  caufe  of  the  formation  of 
the  nitre  found  on  walls,  and  for  this  reafon 
it  is  that  nitre-beds  require  to  be  frequently 
turned  over,  in  order  that  the  air  may  touch 
them  in  all  points.  The  neceflity  of  the 
accefs  of  air  is  ftill  more  evidently  fliewn  by 
the  nitre  contained  in  chalk,  as  it  is  never 
found  below  a  certain  depth.  When  the  three 

circumftances 


74  NITRE. 

circumftances  here  treated  of  are  united,  thi? 
produdion  of  fait  petre  is  very  abundant. 
Nitre-beds  ought  always  to  be  conftrudled  on 
thefc  principles. 

The  theory  of  the  formation  of  nitre  has 
not  been  long  known.  Glauber,  and  many 
other  chemifls  fincehis  time,  fuppofed  nitre 
to  exift  ready  formed  in  vegetables,  from 
which  they  imagined  it  to*  pafs  into  animal 
fubftan ces,  and  to  become  difengaged  by  pu- 
trefaction ;  but  it  was  foon  perceived,  that 
vegetables  do  not  contain  a  fufficient  quan- 
tity of  nitre  to  account  for  what  is  obtained 
from  nitre-beds.  Mr.  Thouvenel,  whofe 
dilTertation  on  the  formation  of  nitre  was 
honoured  with  the  prize  of  the  academy, 
has  made  many  experiments  to  difcover  its 
origin :  he  found,  that  the  nitrous  acid  is 
formed  by  the  combination  of  an  elaftic  fluid, 
difengaged  from  animal  matters  in  a  ftate  of 
putrefaction,  and  pure  air.  He  has  likewife 
difcovered,  that  the  nitrous  acid,  once  form- 
ed, combines  with  calcareous  earth,  when 
only  animal  matters  are  made  ufe  of  ^  and 
that  the  remains  of  vegetables  are  ufeful  to. 
afford  the  fixed  alkali,  which  is  the  bafe  of 
common  nitre.  But  Mr.  Thouvenel  did  not 
determine  the  nature  of  the  gas,  which  is 
difengaged  from  putrefying  animal  matters. 
It  is  to  Mr.  Cavendifii  that  we  are  indebted 
for  the  proof  that  it  is  the  fame  gas,  which 
conilitutes  one  of  the  principles  of  the  at- 
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mofphere,  under  the  name  of  phlogifticated 
air,  or  atmofpheric  mephitis.  His  experi- 
ment, wherein  the  nitrous  acid  was  formed 
by  the  combination  of  this  gas  with  vital  air, 
by  means  of  the  eleflric  fpark,  has  been  al- 
ready mentioned. 

Nitre  is  very  fubjed:  to  alteration  by  heat : 
it  is  quickly  melted,  and  its  fufion  is  of  the 
igneous  kind;  for  it  may  be  kept  fluid  for 
a  confiderable  time,  and  even  made  red  hot, 
without  affuming  the  pulverulent  form :  when 
fuffered  to.cool,  after  being  melted,  it  fixes 
in  an  opake  mafs,  called  cryftal  mineral, 
which  is  as  heavy,  as  fufible,  and  as  foluble 
in  water,  as  the  nitre  itfelf.  The  cryftal 
mineral  of  the  fhops  differs  from  pure  nitre, 
for  it  contains  a  fmall  quantity  of  vitriolat- 
ed  tartar,  produced  by  the  combuftionof  the 
fulphur,  which,  according  to  the  Paris  Phar- 
macopeia, is  in  the  proportion  of  a  drachm 
in  the  pound.  If  melted  nitre  be  expofed 
to  the  continued  adtion  of  the  fire,  it  be- 
comes decompofed,  and  is  alkalized  without 
addition.  This  operation  fucceeds  equally 
well  in  a  retort,  and  affords  much  inftruc- 
tion  refpefting  the  compofition  of  the  nitrous 
acid :  inftead  of  obtaining  the  pure  acid,  a 
large  quantity  of  an  aeriform  fluid  is  difen- 
gaged,  which  may  be  colledled  under  water, 
and  is  found  to  be  vital  air.  The  alkaline 
refidue  ulually  caufes  the  retort  to  melt,  and 
prevents  the    completion  of  the  operation. 

Here 
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Here  we  fee  the  nitrous  acid  converted 
intirely  into  vital  air,  without  any  fenli- 
ble  quantity  of  nitrous  gas.  It  is  not  yet 
known  what  becomes  of  the  atmofpheric 
mephitis  in  this  decompofition.  If  the  heat 
be  not  urged  fo  as  intirely  to  decompofe  the 
nitre,  the  fixed  alkali  remains  charged  with 
a  certain  quantity  of  nitrous  gas,  or  phlo- 
gifticated  nitrous  acid,  according  to  Scheele. 
This  acid  may  be  difengaged  by  means  of 
vinegar;  but  if  the  nitre  be  more  ftrongly 
heated,  the  alkali  remains  pure  and  cauftic. 
From  the  facility  with  which  heat  decom- 
pofes  nitre,  we  may  obferve,  that  in  the 
making  of  cryftal  mineral,  the  fait  ought  not 
to  be  kept  in  fufion  too  long,  left  the  quan- 
tity of  difengaged  alkali  fhould  become  too 
confiderable,  and  render  the  effed:  of  the 
medicine  more  violent  than  intended. 

When  nitre  is  expofed  to  heat,  in  contaft 
with  combuftible  bodies,  it  is  decompofed 
with  other  appearances ;  a  white  and  ftrong- 
ly brilliant  flame  is  produced,  together  with 
a  kind  of  decrepitation.  This  phenomenon 
is  called  the  detonation  of  nitre,  and  is  a 
characSer  by  which  it  is  eafily  known.  Stahl 
fuppofed  it  to  arife  from  the  rapid  combi- 
nation of  the  nitrous  acid  with  phlogifton; 
and  Mr.  Baume,  in  conformity  to  this  the- 
ory, thinks  that  a  nitrous  fulphur  is  formed, 
and  inftantly  fet  on  fire.  In  the  year  1780, 
I  read  a  memoir  at  the  academy,  in  which  I 

proved. 
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proved,  that  nitre  Is  not  combuftible,  and  that 
a  nitrous  fulphur  is  not  formed  during  its  de- 
tonation ;  but  that  the  phenomenon  arifes 
from  the  rapid  combuftion  of  the  body  added 
to  the  nitre,  which  is  affifted  by  vital  air 
difengaged  from  nitre  ftrongly  heated.  This 
theory  is  completely  proved,  from  the  con- 
fideration,  ift.  That  nitre  never  detonates 
without  addition.  2d,  That  during  the  de- 
tonation of  nitre,  by  the  addition  of  inflam- 
mable matter,  the  latter  is  intirely  confumed. 
3d,  Becaufe  the  combuftion  of  the  inflam- 
mable matter  is  more  complete,  the  larger 
the  proportion  of  nitre.  4th,  and  laftly, 
Becaufe  the  detonation  of  nitre  take,s  place 
as  well  in  clofe  velTels,  as  in  the  open  air, 
which  could  not  be  eifedled,  but  by  means  of 
the  vital  air  afforded  by  that  fait.  This  af- 
fertion  is  clearly  proved  by  the  procefs  for 
making  the  clyffus  of  nitre,  which  is  merely 
a  detonation  of  this  fait  with  diff^erent  com- 
buftible matters,  in  clofe  veflTels  :  we  (hall 
only  mention,  in  this  place,  the  operation 
made  with  the  addition  of  charcoal.  Two  or 
three  large  receivers,  adapted  together,  are 
applied  to  a  retort  of  earth,  or  iron,  in  the 
upper  part  of  which  laft  is  an  aperture, 
which  may  be  clofed  with  a  cover  or  ftop- 
per.  The  veflel  is  heated,  and  when  its  bot- 
tom is  red,  the  mixture  of  nitre  and  char- 
coal is  thrown  rn  by  fmall  quantities  at  a 
time,  through  the  aperture,  which  is  im- 
mediately 


78  NITRE. 

mediately  clofed.  During  the  detonation,  the 
receivers  are  filled  with  vapours,  part  of 
which  condenfes  into  an  infipid  liquor,  not 
at  all  acid,  but  frequently  alkaline  ;  the  re- 
fidue  confifts  of  the  cretaceous  fixed  alkali, 
the  nitrous  acid  being  intirely  deftroyed.  A 
large  quantity  of  gas  is  produced,  which  I 
have  colkcfled,  by  adapting  to  the  upper  part 
of  the  receivers  tubulated  for  that  purpofe, 
either  a  bladder,  or  tubes  whofe  extremi- 
ties were  received  under  glafs  veffels  filled 
with  water.  This  gas  confifted,  for  the 
moft  part,  of  the  cretaceous  acid,  mixed 
with  a  fmall  proportion  of  inflammable  gas, 
and  phlogifticated  gas. 

The  refidue,  after  the  detonation  of  nitre 
with  charcoal  in  a  crucible,  is  improperly 
called  nitre  fixed  by  charcoal ;  it  is  the  fixed 
vegetable  alkali,  combined  with  the  creta- 
ceous alkali. 

Very  pure  nitre  is  not  at  all  altered  by  ex- 
pofure  to  air. 

It  is  very  foluble,  three  or  four  parts  of 
cold  w^ater  diflblving  one  part  of  nitre  ^  and 
boiling  water  diflblving  twice  its  weight. 
It  therefore  cryftallizes  by  cooling;  and  on 
this  property  is  founded  the  art  of  extracting 
nitre  from  the  old  plafler,  or  rubbifli,  in 
which  it  is  contained.  The  fait  petre  makers 
put  the  pounded  rubbifli  into  a  cafk,  with  a 
hole  in  the  bottom,  and  cover  it  with  alhes. 
Through  this  matter  water  is  pafled,  care 

being 
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being   taken  to   pour   the   firft  water  upon 
fuch  matter  as  has  already  been  wafhed,   that 
the  falts  may  be  intireiy  extradted ;  and  the 
v/ater,  which  is  already  partly  impregnated, 
is  pafled  through  caflcs  loaded  with  unwafhed 
rubbifli,  in  order  that  it  may  be  intireiy  fatu- 
rated.  This  lixivium  is  evaporated  by  heat  in 
copper  vefTels.    The  firft  pellicles,  coniifting 
of  marine  fait,  are  taken  out.  When  the  wa- 
ter is  fufhciently  evaporated  to  become  nearly 
folid  in   cooling,   they   pour  it  into  veiTels, 
where    the   nitre   cryftallizes.      This  nitre, 
which  is  very  impure   and  dirty,  is  called 
nitre  of  the  firft  boiling.   Some  chemifts  have 
thought,  that  the  afties  ufed  by  the  fait  pet  re 
makers   ferve  only  to   deprive  the   nitre  of 
certain  greafy  impurities ;  and  this  opinion 
appeared  probable,    from   the  confideration 
that  thefe  afties  contained  fcarcely  any  fixed 
alkali ;  and  more  efpecially,  ^s  the  aihes  of 
tamarifk  contain  only  Glaub^'s   fait.     But 
this  fait,  as  well  as  vitriolated  tartar,  is  as  fer- 
viceable  as  an  alkali  for  decompofing  the  cal- 
careous nitre  which  abounds  in  the  rubbiih, 
becaufe  it  afts  by  the  way  of  double  affini- 
ty; as  Mr.  Lavoifier  has  obferved,  with  re- 
fpefl:   to  the  afties    ufed    by   the   fait   petre 
makers  at  Paris,  though  the  alkali  has  been 
previoufly  waftied  oiit.     We  ftiall  treat  more 
fully  on  this  faft  when   we  fpeak  of  calca- 
reous nitre. 

Nitre  of  the  firft  boiling  is  always   very 
impure;  it  contains  five  other  kinds  of  fait, 

namely^ 
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namely,  common  fait,  magnefian  nitre,  cal- 
careous nitre,  marine  fait  with  bafeof  mag- 
nefia,  and  calcareous  marine  fait,  which  muft 
be  feparated  before  the  nitre  can  be  had  in  a 
ftate  of  purity.  This  is  dune  by  re-diffolv- 
ing  it  in  the  fmalleft  poffible  quantity  of 
water,  and  clarifying  this  boiling  liquor  by 
the  addition  of  bullocks  blood,  which  carries 
all  the  impurities  to  the  top  of  the  liquor  in 
the  form  of  fcum,  by  virtue  of  the  property 
of  coagulating,  v/hich  lymph  poffefles.  This 
fecond  lixivium  is  evaporated,  and  affords  a 
much  purer  nitre,  called  nitre  of  the  fecond 
boiling  ;  it  is  ftill  vitiated  by  a  certain  quan- 
tity of  marine  fait,  and  mother  water.  It 
is  purified  a  third  time,  by  repeating  the 
fame  procefs,  and  is  then  much  whiter* 
This  is  nitre  of  the  third  boiling.  As  it  is 
cryftalUzed  haflily,  it  has  the  form  of  large 
maffes,  of  a  confufed  figure ;  there  is  form- 
ed, however, '^in  the  middle  of  the  veflels,  a 
bed  of  long  and  regularly  formed  cryftals> 
called  nitre  in  flicks,  which  is  not  ufed  in 
making  good  gunpowder,  becaufe  it  retains 
a  greater  quantity  of  water  in  its  cryftalliza- 
tion,  than  the  nitre  in  large  irregular  maffes, 
and  is  confequently  lefs  proper  for  combuf- 
tion. 

Chemifls  and  apothecaries  purify  nitre  of 
the  third  boiling,  by  new  foluiions  and  cryf- 
tallizations,  by  which  means  they  are  cer- 
tain of  having  very  pure  nitre,  uncontami- 
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nated  by  any  foreign  matter,  efpecially  the 
marine  falts,  with  bafes  of  mineral  alkali, 
lime,  and  magnefia,  which  are  fcarcely  ever 
taken  away  intirely  in  the  manufactories."* 

Nitre  appears  to  be  adied  on  by  vitrifiable 
earths,  fince  its  acid  may  be  obtained  by 
diftillation  with  fand ;  this  acid  comes  over 
colourlefs,  but  emits  fome  vapours  ;  the  re- 
fidue  is  more  or  lefs  vitreous,  according  to 
the  quantity  of  fand  made  ufe  of,  and  the 
degree  of  heat  applied  -,  the  fand  appears  to 
decompofe  the  nitre,  by  its  tendency  to  com- 
bine with  the  fixed  alkali,  lince  diftillation, 
without  an  intermedium,  affords  pure  air 
inflead  of  nitrous  acid.  I  apprehend  that 
this  happens,  becaufe  in  the  diftillation  of 
nitre  without  an  intermedium,  the  alkali  re- 
afls  on  the  acid,  and  contributes  to  its  de- 

*  There  is  no  fa£l  more  fingular,  in  the  opinion  of  na- 
turalifts  and  chemifts,  than  the  production  of  fix  fpecies  of 
falts  in  old  mortar,  and  efpecially  the  conftant  union  of 
each  alkaline  bafe  to  a  peculiar  acid.  The  vegetable  al- 
kali is  alv/ays  found  united  with  the  nitrous  acid,  and  the 
mineral  alkali  with  the  marine  acid.  There  feems  to  be 
a  peculiar  relation  between  thefe  different  primitive  falts, 
by  which  they  are  mutually  applied  to  each  other  ;  for  elfe, 
why  fhould  not  the  febrifuge  fait  of  Sylvius,  or  cubical  nitre 
be  found  ?  The  fame  obiervation  may  be  made  refpecling 
the  earthj'  falts  :  in  fadt,  the  quantities  of  marine  fait,  with 
bafe  of  magnefia,  and  of  calcareous  nitre,  greatly  exceed 
thofe  of  nitre  with  bafe  of  magnefia,  or  marine  calcareous 
£a\t ;  whence  it  appears,  that  magnefia  has  a  peculiar  affi- 
nity with  the  marine  acid,  and  lime  with  the  nitrous  acid. 
Note  of  the  Author. 

Vol.  II.  F  compofitlon. 
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compofitlon;  whereas,  when  nitre,  with 
fand,  is  expofed  to  heat,  the  latter  fubftance 
tending  to  unite  with  the  alkali,  and  form 
glafs,  prevents  it  from  re-ading  on  the  acidj 
which,  therefore,  comes  over  unchanged. 
Argillaceous  earths  likewife  decompofe  nitre. 
The  clay  commonly  ufed,  is  coloured  :  Mr. 
Baume  thinks,  that  the  decompofition  is 
produced  by  the  vitriolic  acid  contained  in 
the  clay.  The  diftillers  of  aqua  fortis  make 
ufe  of  an  earth  of  the  fame  kind  ;  they  intro- 
duce two  pounds  of  nitre  with  fix  pounds 
of  coloured  clay  (of  Gentilly),  into  earthen 
retorts  of  a  peculiar  form,  which  are  placed 
in  a  row,  on  long  furnaces,  called  galleries ; 
their  necks  are  inferted  in  bottles  of  the  fame 
form,  which  ferve  as  receivers.  By  this 
meaps  'they  firft  obtain  a  tranfparent  liquor, 
fcarcely  acid,  which  they  call  phlegm  of 
aqua  fortis,  which  is  followed  by  the  acid 
itfelf,  more  and  more  concentrated ;  the  re- 
fidue  is  a  red  and  hard  earthy  fubftance, 
which  is  ufed  as  a  kind  of  mortar.  This  ex- 
periment is  far  from  proving  that  clay  de- 
compofes  nitre  ;  for,  i  ft.  The  diftillers  em- 
ploy a  very  impure  nitre,  which  contains 
much  nitre  with  an  earthy  bafe.  2d,  They 
make  ufe  of  a  very  compounded  clay,  which 
is  often  loaded  with  pyrites,  whofe  vitriolic 
acid  may  decompofe  the  nitre.  To  afcer- 
tain  whether  fuch  a  decompofition  takes 
place,  the  whiteft  clay,  or  which  isftill  better, 
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the  bafe  of  alum,  ought  to  be  ufed ;  this  earth 
not  having  fo  ftrong  a  tendency  as  fand  to 
unite  with  alkali,  and  not  forming  glafs 
with  that  fait,  will  not  probably  decompofe 
nitre  fo  completely  as  fand :  Mr.  Baume, 
however,  affirms,  that  he  obtained  nitrous 
acid  by  the  addition  of  porcelain,  and  of  clay, 
baked  into  ftone  ware,  which  do  not  contain 
the  vitriolic  acid.* 

Ponderous  earth  decompofes  nitre,  and 
feparates  the  alkali.  Bergman,  in  his  table 
of  affinities,  places  this  falino-terreftrial  fub- 
ftance  before  the  alkalis,  and  immediately 
after  the  nitrous  acid. 

Magnefia,  lime,  and  alkalis,  have  no  aflion 
on  nitre. 

The  acids  have  a  very  ftrong  aftion  on  this 
fait,  efpecially  the  vitriolic  acid,  which  has 
a  ftronger  affinity  with  alkalis  than  the  ni- 
trous. If  oil  of  vitriol  be  poured  on  very  dry 
nitre,  a  confiderable  eftervefcence  is  pro- 
duced, and  red  vapours  efcape,  which  are 
fpirit  of  nitre.  When  the  operation  is  made, 
in  a  retort  with  a  receiver,  the  fpirit  of  nitre 
is  collected :  this  procefs  is  called  by  the 
name  of  Glauber's  method  of  diftilling  fpirit 
of  nitre,  becaufe  that  chemift  firft  defcribed 
it  in  an  intelligible  manner.  It  is  necef- 
fary  to  leave  a  fmall  perforation  in  the  re- 

*  Thefe,  as  well   as  all   other  natural  clays,  contain  a 
large  proportion  of  filiceous  earth.     T. 
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^eiver  for  the  efcape  of  the  vapours.  It  was 
remarked,-  that  thefe  vapours  being  very  dif- 
ficultly condenfed,  occafiOned  two  princi- 
pal inconveniencies  :  the  firfl  was,  the  lofs  of 
a  confiderable  quantity  of  the  fpirit  of  nitre, 
vvhich  was  diffipated  by  the  aperture;  the 
fecond  confifted  in  the  danger  incurred  by 
the  operator,  from  the  acrid  and  corrofive 
^vapours.  Mr.  Woulfe,  a  learned  Englifli 
chemift,  has  contrived  a  n^.ethod  of  remedy- 
ing thefe  inconveniencies  :  inftead  of  em- 
ploying a  perforated  receiver,  he  ufes  a  re-^ 
ceiver  with  two  necks;  the  neck  furtheft 
from  the  retort  confifts  of  a  tube  bent  at 
right  angles,  the  one  part  being  horizontal, 
and  the  other  vertical ;  which  laft  is  inferted 
in  the  neck  of  a  bottle :  from  the  fides  of 
this  bottle  proceed  two  tubes  fmiilar  to  that 
laft  defcribed,  which  pafs  each  into  another 
bottle;  and  thefe  are  in  like  manner  con- 
nefted  with  two  others,  whofe  lateral  aper- 
tures remain  open.  The  firft  bottle  is  com- 
monly empty;  the  collateral  bottles  contain 
each  a  certain  quantity  of  water,  in  which 
the  inferior  extremities  of  the  tubes  of  com- 
munication are  plunged,  the  upper  parts  of 
the  bottles  remaining  empty.  The  acid 
vapour,  which  is  condud:ed  by  the  tubes 
into  the  water,  is  there  condenfed,  either 
totally  or  in  part ;  the  part  which  efcapes  is 
condud:ed  to  the  fucceeding  bottles ;  fo  that 
no  part  of  the  acid  is  loft,  and  the  operator 

is 
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IS  not  in  the  leaft  incommoded.  A  quantity 
of  vital  air,  which  is  difengaged,  paffes  out 
at  the  apertures  of  the  exterior  bottles,  where 
it  might  be  colIe6led  by  a  proper  apparatus 
if  neceffary. 

There  is  a  principal  advantage  derived 
from  this  ingenious  contrivance,  which  mull 
not  be  paffed  over  in  iiience.  At  the  end  of 
the  operation,  when  the  veffels  are  faffered 
to  cool,  a  vacuum  is  formed  within  ^  and 
the  external  air  preffing  on  the  furface  of 
the  water  in  the  lali  open  bottles,  forces  it 
to  return  by  the  tubes  into  the  firft  collateral 
bottles,  and  from  them  into  the  bottle  neareft 
the  receiver.  If  the  lirft  bottle  were  not 
empty,  and  of  a  fufficient  magnitude  to  con- 
tain all  the  water  of  the  following  bottles, 
the  acid  liquors  would  pafs  into  the  receiver; 
and  as  the  itrongeft  nitrous  acid  is  contained 
in  that  veffel,  it  would  be  diluted  by  the  r.d- 
dition  of  the  fluid  contained  in  all  the  bottles. 
This  inconvenience  would  be  ftill  more  pre- 
judicial in  other  diftillations  we  {hall  have 
occafion  to  fpeak  of,  where  it  would  not  only 
diminifh  the  force,  but  likewife  alter  the 
purity  of  the  produft.* 

To  perform  this  diftillation  in  a  labora- 
tory, four  pounds  of  pure  nitre,  fufed  into 
the  form  of  mineral  cryftal,  is  put  into  a 

*  On  this  fubjeft,  fee  the  note.  Vol.  I.  page  206.     T. 
F  3  tubulated 
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tubulated  ilone-vvare  retort,  placed  in  a  re- 
verberatory  furnace;  tubulated  retorts  of 
glafs  may  likevvife  be  ufed,  with  a  fandbath; 
two  pounds  and  a  half  of  oil  of  vitriol  is 
poured  at  once  through  the  tube,  and  the 
aperture  is  flopped  ;  the  apparatus  we  have 
juft  defcribed,  and  which  we  fuppofe  to  have 
been  prepared  and  put  together  the  evening 
before,  muft  be  adapted  and  expeditioufly 
]uted  ;  the  heat  muft  be  gradually  raifed,  till 
nothing  more  comes  over :  the  difengage- 
rnent  and  paffage  of  gas  through  the  water 
in  the  bottles,  ferve  to  dired:  the  operator 
in  managing  the  procefs.  If  it  be  too  rapid, 
the  heat  muft  be  diminifhed,  left  the  whole 
mafs  in  the  retort  fliould  fwell  up  and  pafs 
into  the  receiver  j  if  on  the  contrary  it  be  too 
flow,  the  fire  muft  be  raifed,  to  prevent  ab- 
forption  :  this  valuable  apparatus  has  there- 
fore the  additional  advantage  of  directing  the 
operator  .to  conduct  his  procefs  to  the  beft 
advantage. 

The  refidue  of  this  decompofition  confifts 
of  vitriolated  tartar,  formed  by  the  union  of 
the  vitriolic  acid  with  the  vegetable  fixed 
alkali  of  the  nitre.  -This  relidue  is  known 
by  the  name  of  fal  de  duobus,  or  arcanum 
duplicatum.  It  is  ufually  in  the  form  of  a 
white  femi- vitrified  mafs,  full  of  cavities, 
produced  during  its  fwelling  up  by  the  heat; 
and  it  is  very  acid,  on  account  of  the  ex- 
cefs  of  vitriolic  acid  made  ufe  of,  which  is 

alfo 


NITRE.  87 

alfo  the  caufe  of  its  melting  more  eafily,  as 
we  have  obferved  in  the  hiftory  of  vitriolated 
tartar.  The  ftrong  heat  made  ufe  of,  occa- 
fions  the  nitrous  acid  to  be  very  red  and 
fuming;  and  as  it  is  always  vitiated  with  a 
certain  quantity  of  vitriolic  acid,  it  mufl  be 
redified  by  diftilling  it  a  fecond  time  from 
one  fourth  of  its  weight  of  nitre.  Very 
pure  nitre  muft  be  ufed,  in  order  to  obtain 
nitrous  acid,  whofe  effefts  can  be  relied  on. 
The  acid  obtained  from  nitre  of  the  fecond 
boiling  contains  marine  acid,  and  is  a  kind 
of  aqua  regia :  diftillation,  properly  ma- 
naged, will  feparate  the  marine  acid,  as 
MelT.  De  Lafibne  and  Cornett  have  fliewn.^' 

Sedative  fait  decompofes  nitre  by  the  af- 
fiflance  of  heat,  and  difengages  its  acid  in  a 
confiderable  degree  of  concentration  :  this 
decompofition  is  produced  by  virtue  of  the 
fixity  of  the  fedative  fait,  as  the  academi- 
cians of  Dijon  think.  It  muft,  however,  be 
attributed,  no  doubt,  in  part,  to  the  affinity 
between  fedative  fait,  and  the  vegetable  fixed 
alkali  of  the  nitre. 

Nitre  is  of  great  ufe  in  the  arts :  it  is  the 
principal  ingredient  in  gunpowder,  which 
we  ihall  fpeak  of  under  the  article  of  ful- 
phur.  Burned  with  diff*erent  proportions  of 
tartar,  it  forms  the  fubftances  called  fluxes, 

*  ]\Iemoirs  of  the  Academy  for  1781,  pages  653,  656. 
F  4  which 
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which  are  employed  in  the  art  of  aflaying,  td 
fufe  and  reduce  metallic  fubftances. 

It  is  frequently  ufcd  in  medicine  as  a  fe- 
brifuge diuretic  antifeptic  fait ;  it  is  ad- 
miniftcred  in  any  convenient  liquid,  from 
ten  or  twelve  grains,  to  the  quantity  of  half 
a  drachm  or  more  ^  and  it  daily  produces 
the  moft  happy  efFedls. 

Species  IV.     Rhomboidal  Nitre. 

This  perfed:  neutral  fait,  containing  the 
nitrous  acid  and  fixed  mineral  alkali,  is  like- 
wife  called  cubic,  or  quadrangular  nitre :  it 
is  ufually  formed  in  regular  rhomboidal 
cryftals,  of  confiderable  magnitude^  and  is 
therefore  more  properly  called  rhomboidal 
nitre. 

Its  tafte  IS  cooling,  and  rather  more  bitter 
than  that  of  ordinary  nitre. 

Fire  decompofes  it ;  but  it  decrepitates, 
and-  does  not  melt  fo  eafily  as  the  common 
nitre;  but,  like  that  fait,  it  gives  out  vital 
air  at  the  fame  time  that  it  becomes  alkalized. 

It  is  flightly  deliquefcent  when  expofed 
to  air. 

It  is  more  foluble  in  cold  water  than  the 
common  nitre,  two  parts  of  water,  at  the 
ordinary  temperature  of  fixty  degrees^  dif- 
folving  one  part  of  the  fait  :  it  is  fcarcely 
more  foluble  in  boiling  water,  and  cannot 
therefore  be  had  in   regular  cryftals,  but  by 

flow 
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flow  evaporation.  When  a  clear  folution  of 
this  fait  is  expofed  in  a  dry  place,  rhom- 
boidal  cryftals,  upwards  of  half  an  inch, 
and  fometimes  an  inch  long,  are  obtained  at 
the  end  of  fome  months.  This  procefs,  in 
general,  is  the  beft  for  cryflallizing  fuch 
falts  as  are  equally  foluble  both  in  hot  and 
cold  water. 

Rhomboidal  nitre  detonates  on  coals,  and 
caufes  the  complete  combuftion  of  inflam- 
mable bodies ;  if  it  is  heated,  the  detonation 
is  fomewhat  lefs  rapid  than  that  of  ordinary 
nitre. 

Siliceous  earth  combines  with  its  bafe, 
and  difengages  the  nitrous  acid ;  clay  like- 
wife  feparates  the  acid,  and  affords  a  refidue 
in  the  form  of  frit,  which  is  porous  and  opake 
when  a  ftrong  heat  has  been  given. 

Ponderous  earth  decompofes  this  fait,  and 
difengages  the  mineral  alkali.  Magnefia  and 
lime  do  net  fenfibly  change  it. 

The  vegetable  fixed  alkali  has  a  ftronger 
affinity  with  its  acid  than  the  mineral  alkali; 
this  decompoiition  is  very  eafily  ibewn.  If 
a  heated  folution  of  rhomboidal  nitre  be  di- 
vided into  two  parts,  and  cauftic  vegetable 
fixed  alkali  be  added  to  one  of  them,  it  will 
afford  prifmatic  cryftals  during  its  cooling; 
but  no  cryftals  will  be  obferved  in  the  other 
part,  becaufe  rhomboidal  nitre  does  not 
cryftallize  by  mere  cooling,  without  evapo- 
ration. 

The 
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The  concentrated  vitriolic  acid,  added  to 
rhomboidal  nitre,  difengages  the  nitrous  acid 
with  efFervefcence.  Spirit  of  nitre  is  ob- 
tained by  diftillation  from  the  mixture ;  the 
other  mineral  acids  have  no  more  aftion  on 
this  fait  than  on  common  nitre. 

The  neutral  falls  hitherto  examined,  name- 
ly, vitriolated  tartar,  Glauber's  fait,  and 
nitre,  produce  no  effed  whatever  on  cubic 
nitre :  if  thefe  falts  be  dilTolved  together  in 
the  fame  water,  they  cryftallize  feparately, 
and  each  in  its  ordinary  manner :  the  nitre, 
and  Glauber's  fait,  by  cooling ;  and  the  vi- 
triolated tartar  and  rhombic  nitre,  by  eva- 
poration. All  thefe  properties  fliew,  that 
rhomboidal  nitre  differs  from  ordinary  nitre, 
in  its  form,  tafte,  deliquefcence,  folubility, 
cryftallization  by  evaporation,  and  efpecially 
its  decompofition  by  the  vegetable  alkali. 

Rhomboidal  nitre  has  not  yet  been  found 
in  nature,  but  is  always  produced  by  art, 
according  to  one  of  the  five  following  me- 
thods :  ifl.  The  diredt  union  of  the  nitrous 
acid  with  the  cauftic  mineral  alkali.  2d, 
By  decompoling  earthy,  or  ammoniacal  me- 
tallic nitre  by  the  fame  alkali.  3d,  By  de- 
compofing  marine  fait  by  the  addition  of  the 
nitrous  acid.  4th,  By  decompofmg  Glau- 
ber's fait  by  the  fuming  nitrous  acid.  5th, 
and  laftly,  By  decompofmg  nitrous  metallic 
falts  by  marine  laltj  in  this  cafe,  in  pro- 
portion as  the  marines  acid  unites  with,  and 

fcparates 
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feparates  the  metal  from  the  nitrous  acid ; 
this  laft  combines  with  the  marine  alkali, 
and  forms  rhomboidal  nitre. 

Rhomboidal  nitre  may  be  applied  to  the 
fame  ufes  as  ordinary  nitre ;  but  as  it  does 
not  produce  all  the  effeds  of  this  laft  fait, 
(doubtlefs  on  account  of  its  greater  affinity 
with  water)  and  likewife  becaufe  it  is  merely 
a  product  of  art,  no  ufe  whatfoever  has  yet 
been  made  of  it,  neither  have  all  the  experi- 
ments been  made,  which  are  neceffary  to 
afford  a  complete  knowledge  of  its  proper- 
ties. 

Species  V.  Febrifuge  Salt  of  Sylvius. 

The  febrifuge  fait  of  Sylvius  is  formed  by 
the  union  of  the  marine  acid  with  the  vege- 
table fixed  alkali :  it  has  been  called  rege- 
nerated marine  fait,  but  improperly,  as  it 
differs  from  that  fait  in  the  nature  of  its 
bafe;  its  cryftals  are  cubical,  but  almoft 
always  confufed  and  irregular.  Its  tafte  is 
fait,  penetrating,  bitter,  and  difagreeable. 
In  the  fire,  it  decrepitates ;  that  is  to  fay, 
its  cryftals  fuddenly  break,  and  fly  in  pieces, 
by  the  rarefadiion  of  the  water,  which  enters 
into  their  compofition.  If  the  heat  be  then 
continued,  and  fufficiently  ftrong,  it  melts, 
and  is  volatilized  without  decompofition  ;  it 
may  ferve  as  a  flux  to  earthy  and  metallic 
fubftancesi   its  principal  ufe  in  thefe   cafes 
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is,  that  the  matters  being  covered  with  it, 
the  acftion  of  the  other  fluxes  is  ,;nore  con- 
fined, and  the  alterations,  which  the  accefs 
of  air  might  produce,  are  prevented. 

The  febrifuge  fait  of  Sylvius  is  not  much 
altered  by  expofure  to  air;  it,  however, 
flightly  deliquefces. 

About  three  parts  of  cold  water  are  re- 
quired to  hold  one  part  in  folution ;  hot 
water  does  not  diffolve  a  greater  quantity; 
and  therefore  recourfe  muft  be  had  to  flow 
evaporation  to  obtain  cryftals  :  it  is  one.  of 
the  moft  difficult  falts  to  be  procured  in 
cryftals  of  a  certain  magnitude. 

Clay  appears  to  difcompofe  it  in  part ;  for 
marine  acid  is  obtained  by  diftillation  of  the 
febrifuge  fait  with  the  clays  found  in  the 
vicinity  of  Paris.  This  operation  affords,  in 
fad:,  only  a  fmall  quantity  of  acid,  and  its 
refult  is  far  from  being  fuch  as  is  obferved 
with  nitre  :  fand  appears  to  have  the  fame 
cffcO:  as  clay  on  the  fait  of  Sylvius. 

Ponderous  earth  feizes  its  acid,  and  fepa- 
rates  the  alkali,  according  to  Bergman.  Mag- 
jiefia  and  lime  do  not  at  all  change  it. 

The  vitriolic  and  nitrous  acids  difengage 
the  marine  acid  with  efFervefcence;  and  this 
phenomenon  takes  place  more  ftrongly,  in 
proportion   as  the  febrifuge  fait  is   drier.* 

Such 

*  We  have  already  obferved,  in  treating  of  the  decom- 

pofition  of  nitre  by  oil  of  vitriol,  that  the  nitrous  acid  is 

f  difengaged 
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Such  as  has  been   deprived  of  its  water   of 
cryftallization   by  decrepitating,  produces   a 
very    llrong    cffervefcence,     attended    with 
much  heat,   by  the  addition  of  oil  of  vitriol. 
When  thefe  decompofitions  are  made  in  re- 
torts, fpirit  of  fait  is  retained  in  the  receiver, 
and  vitriolated   tartar  remains    behind,   pro- 
vided the  operation   be  made  with  the  vitri- 
olic acid ;   but  if  the  nitrous  acid   be  ufed, 
the   receiver  contains  aqua  regia,  and  nitre 
is  found  in  the  retort.     The  acid  of  borax, 
or  fedative  fait,  likewife   decompofes  febri- 
fuge fait  by  diftillation,  and  difengages  the 
marine  acid.    As  all  thefe  operations  may  be 
performed  with  common   fait,  we  fliall  de- 
fcribe  them  more  fully    under  that  article. 
The   cretaceous   and   fparry  acids    have   no 
acSion  on  febrifuge  fait. 

Vitriolated   tartar,    common    and    rhom- 
boidal  nitre,  do   not  ad:   on   this  fait;   but 

dlfengaged  with  a  ftrong  efFervefcence.     We  here  find  the 
fame  phenomenon  with  the  marine  acid,  the  cffervefcence 
being  confiderably  ftronger  with  the  febrifuge  fait,  becaufe 
its  acid  has  a  very  ftrong-  tendency  to  aflume  the  gafeousitate: 
This  is  the  general  caufe  of  all  efervefcences,  the  nature  and 
differences  of  which  have  not  been  well  known  till  lately. 
It  was  formerly  thought  that  they  arofe  from  the  difengage- 
ment  of  air  ;  but  it  is  now  well  known,  that  the  fubftance 
difengaged  is  not  air,  but  may  confift  of  any  fubftance  ca- 
pable  of  affuming  the  aeriform  aggregation ;  and  for  that 
reafon  we  have  obferved,  that  the  ebullition  of  water  may 
be  efteemed  a  kind  of  cffervefcence.     As  this  principle 
defer\'es  to  be  particularly  attended   to,  we  fhall  occafio- 
nally  repeat  the  prefent  obfervation,  where  it  may  appear 
aeceffary.     Note  of  the  Author. 

whA 
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when  diiTolved  together  in  the  fame  water, 
each  cryftallizes  feparately,  and  in  its  ufual 
manner. 

Salt  of  Sylvius  is  found  naturally,  but 
never  in  confiderable  quantities;  it  is  found 
in  fea-water,  and  the  water  of  fait  fprings, 
and  it  exifts,  though  rarely,  in  the  places 
where  nitre  is  found  ;  it  is  likewife  met  with 
in  the  aflies  of  vegetables,  and  in  certain 
animal  fluids  :  it  may  be  artificially  pro- 
duced, I  ft.  By  dired:  combination  of  the 
marine  acid  with  the  vegetable  alkali.  2d, 
By  decompofing  earthy,  ammoniacal,  and 
metallic  falts  by  the  fame  alkali.  3d,  By 
decompofing  vitriolated  tartar,  or  nitre,  by 
means  of  the  fame  acid,  as  Mr.  Cornett  has 
ihewn. 

This  fait  was  formerly  employed  as  an 
excellent  febrifuge,  but  it  does  not  pofTefs 
this  property,  otherwife  than  in  common 
with  all  bitter  falts ;  vitriolated  tartar  and 
Glauber's  fait  are  at  prefent  preferred  to 
it. 

The  febrifuge  fait  Is  not  ufed  in  the  arts  ; 
its  difagreeable  bitternefs  prevents  its  being 
ufed  for  culinary  purpofesj  its  chemical 
properties  agree  with  thofe  of  common  fait, 
excepting  with  refpedl  to  its  bitter  tafte,  lefs 
degree  of  folubility,  unchangeablenefs  in  the 
air,  and  lefs  regular  cryftallization  :  for  this 
reafon  we  fhall  dwell  no  longer  on  its  hif- 
tory. 

Species 
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Species  VI.     Marine  Salt. 

Marine  or  culinary  fait  is  perfeftly  neu- 
tral, and  is  produced  by  the  combination  of 
the  marine  acid  with  the  fixed  mineral  al- 
kali. 

This  fait  is  more  abundant  in  nature  than 
any  other ;  it  is  found  in  prodigious  maffes 
in  the  internal  parts  of  the  earth,  in  Calabria, 
in  Hungary,  in  Mofcovy,  and  more  efpecially 
at  Wieliczka  in  Poland,  near  Mount  Crapax, 
where  the  mines  are  vei:y  large,  and  afford 
immenfe  quantities  of  fait.  This  fait,  when 
contained  in  the  earth,  is  feldom  cryftallized 
in  any  regular  figure ;  it  has  various  degrees 
of  whitenefs,  and  is  often  found  coloured, 
in  which  ftate  it  is  called  fal-gem,  becaufe 
it  often  has  the  tranfparence  of  gems  :  fea- 
waters  abound  with  this  fait,  as  do  likewife 
thd  waters  of  certain  lakes  and  fprings  ;  and 
from  thefe  it  is  obtained  by  one  or  other  of 
the  four  following  general  procefles. 

The  firft  confifts  in  fpontaneous evaporation 
by  the  heat  of  the  fun,  as  is  pradifed  in  the 
fouthern  provinces  of  France.  Trenches 
are  made  near  the  fea-fide,  lined  with  clay 
well  rammed.  Thefe  are  divided  by  low 
walls,  into  feveral  compartments  commu- 
nicating with  each  other ;  and  the  flood- 
tide  fills  them  with  water,  where  it  is  re- 
tained  by  a  kind  of  fluice  gates.     Care  is 

taken 
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taken  that  the  quantity  of  water  fhall  be  of 
an  inconfidcrable  depth,  that  it  may  be  eafily 
evaporated  by  the  fun.  When  a  faline  pel- 
licle is  formed,  the  workmen  break  it,  and  it 
falls  to  the  bottom,  which  they  continue  to 
do  as  long  as  any  water  remains.  The  fait  is 
then  raked  together,  and  laid  in  heaps  to 
dry.  This  is  mixed  with  every  other 
which  the  fea- waters  contain,  fuch  as  Glau- 
ber's fait,  Epfom  fait,  magnefian  and  calca- 
reous marine  falts ;  it  is  likewife  contaminat- 
ed by  a  portion  of  the  clay,  which  forms  the 
floor  of  the  falt-pans  ;  and  laftly,  it  contains 
iron,  and  mercury  much  divided ;  the  latter 
of  which  is  eafily  fhewn,  by  leaving  a  mafs 
of  gold  for  fome  time  in  the  fait,  which  be- 
comes manifeftly  whitened.  This  very  im- 
pure fait  is  known  in  France  by  the  name 
of  fel  de  gabelle. 

In  the  northern  provinces  of  France  com- 
mon fait  is  obtained  by  artificial  evaporation, 
efi^ed:ed  bymeans  of  heat.  InAveranches  they 
take  the  quickfands  on  which  the  fea- water  has 
depofited  its  fali*ne  cryftals ;  thefe  are  wa(hed 
with  the  fmalleft  quantity  of  water  fufficient 
to  difiTolve  the  fait,  and  the  water  is  then  eva- 
porated to  drynefs  in  leaden  boilers.  The 
fait  thus  obtained,  is  whiter  and  more  pure 
than  that  of  the  procefs  before  defcribed.* 

*  Mr.  Guettard  has  given  an  accurate  account  of  this 
procefs  in  the  Memoirs  of  the  Royal  Academy  for  the  year 

'758- 
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There  are  many  fait  fprings  in  Lorrain 
and  Franche-Comte  j  the  water  of  thefe 
fprings  is  charged  with  different  quantities 
of  this  marine  fait.  At  Montmorot,  in  the 
latter  of  thefe  provinces,  fpontaneous  evapo- 
ration is  united  to  evaporation  by  heat :  the 
water  of  the  fpring  is  pumped  up  into  a 
large  refervoir,  at  the  top  of  a  building,  or 
filed,  beneath  which  are  fufpended  boards 
covered  with  little  bundles  of  thorns  or 
brufli-wood;  on  thefe  the  water  falls  through 
fmall  cocks,  and  becomes  divided  into  mi- 
nute drops.  The  large  furface  of  water  thus 
expofed  to  the  air,  which  circulates  quickly 
through  thefe  flieds,  caufes  an  evaporation 
of  nearly  two- thirds.  Selenite  is  depofited 
on  the  brulh-wood ;  and  when  the  liquid, 
upon  trial  with  a  kind  of  hydrometer,  is 
found  charged  with  fait  to  a  certain  degree, 
it  is  conveyed  into  large  iron  boilers,  fup- 
ported  by  bars  of  the  fame  metal ;  thefe 
boilers  are  very  large  and  fhallow,  and  con- 
tain one  hundred  muids*  of  fait  water.  A 
briik  heat  is  applied  ;  and  as  foon  as  the  wa- 
ter boils  ftrongly,  it  becomes  troubled,  and 
an  ochreous  earth  is  feparated,  in  the  form 
of  fcum  ;  another  fait,  of  difficult  fclubility, 
is  next  feparated,  which  is  found  to  be  fe- 
lenite,  mixed  with  a  fmall  quantity  of  com- 
mon fait,  Glauber's  fait,  and  earthy  marine 

*  The  muid  of  wine  contains  280  French  pints. 

Vol.  II.  G  fait. 
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fait.  The  fcum  Is  received  in  little  troughs  of 
cloth,  placed  roundthefidesof  the  boiler,  into 
which  it  is  thrown  by  the  circulation  of  the 
boiling  liquor.  Thefe  troughs  are  taken  out 
and  cleared,  from  time  to  time,  and  repeatedly 
put  in  again,  till  a  large  quantity  of  fmall 
cubical  cryftals  appear  on  the  furface  of  the 
liquor.  At  this  period,  the  troughs  are 
<taken  away  intirely ;  the  fire  is  diminifhed, 
and  the  marine  fait  is  taken  out  with  ladles, 
in  proportion  as  it  cryftallizes  in  fufficient 
quantity;  the  evaporation  is  continued  till 
no  more  cubical  cryftals  are  afforded.  The 
cryftals  are  larger,  the  flower  the  evapora- 
tion; and  the  remaining  fluid,  called  mo- 
ther water,  contains  marine  falts  with  earthy 
bafes.^" 

Wallerius  mentions  a  fourth  procefs  ufed 
in  the  north  to  obtain  fait  from  fea  water. 
This  water  is  expofed  in  trenches  on  the 
fea  fliore,  where  it  forms  (o  thin  a  ftratum, 
that  the  cold  of  the  atmofphere  foon  freezes 

*  A  neutral  fait  is  prepared  at  Montmorot,  which  is 
known  by  the  name  of  Epfom  fait  of  Lorrain,  but  it  is 
nothing  more  than  Glauber's  fait,  whofe  cryftallization 
has  been  difturbed  :  it  may  be  dilHnguifhed  from  the  truc= 
Epfom  fait  by  its  efflorefcing  in  the  air;  whereas  the  Ep- 
fom fait,  fuch  as  we  receive  from  England,  is  deliquefcent. 
Note  of  the  Author. 

The  addition  of  a  fixed  alkali  to  the  folution  of  Epfom 
fait,  occafions  a  cloud,  by  the  precipitation  of  the  mag- 
nefia  ;  but  Glauber's  fait,  treated  in  the  fame  mamier, 
remains  tranfparent.     T. 

it; 
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it  5  but  as  the  ice  confifts  of  mere  water> 
the  unfrozen  part,  after  the  ice  is  taken  out, 
is  of  courfe  more  concentrated,  and  may  be 
duly  evaporated  with  a  lefs  degree  of  heat. 
It  is  conveyed  into  leaden  boilers,  and  eva- 
porated by  fire. 

The  cryftals  of  marine  fait,  are  very  re* 
gular  cubes ;  they  adhere  together  by  their 
edges,  fo  as  to  form  fquare  mafles  with  a 
pyramidical  cavity,  having  the  appearance  of 
fteps  within.  Rouelle  has  obferved  and  de- 
fcribed  this  phenomenon  very  accurately  in 
his  Memoirs  on  Cryftallization,  and  Berg- 
man has  very  ingenioufly  accounted  for  the 
fa(ft. 

The  tafte  of  maruie  fait  is  well  known, 
and  generally  agreeable. 

This  fait,  when  expofed  to  a  brilk  heat, 
burfts  and  flies  in  pieces ;  a  phenomenon 
which,  as  we  have  already  obferved,  is  pro- 
duced by  the  rarefadion  of  the  w^ater  of 
cryftallization:  if  the  heat  be  continued,  it 
melts  after  ignition,  and  being  poured  on  a 
fmooth  ftone,  becomes  a  kind  of  mineral 
cryftal;  but  it  is  not  at  all  altered,  for  its  ori- 
ginal form  may  be  again  reftored  by  folution 
in  water.  Fire  does  not,  therefore,  decompofe 
it ;  a  very  ftrong  heat  volatilizes  it  without 
alteration. 

Marine  fait,  when  pure,  is  not  fenfibly 
changed  by  expofure  to  air;  it  rather  be- 
comes dry  than  moift,  and  attradls  humidity 

G   2  only 
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^OiooJy^^itf^]^;^  cafes  as  it  contains  marine  falts 
hy  bafes. 
It  is  very  foluble  in  watery  no  more  than 
three  parts  of  this  fluid   being  required  to 
difTolve  one  of  the  fait.     Three  ounces  and 
a  half  of  water  diflblve  one  ounce  of  fait 
very   completely  5  and   it   is   not    more   fo- 
luble in  boiling  than   in  cold  water.     Heat 
caufes   the  'folution   to  be  made  fomewhat 
more  quickly.     The  cryflais  of  this  fait  are 
obtained  by  a  very  flow  evaporation.     The 
manner  in  which  thefe  cubical  cryfl:als  form 
fquare  and  hollow  pyramids,  was  obferved 
by  Mr.   Rouelle   to   be  as  follows :  When 
one  cube  is  formed,  its  weight  caufes  a  de- 
preflion  of  the  furface  of  the  water  around 
it;  a  fecond  cube  formed  near  the  firfl:  is 
attraded  by  it,  or  falls  into  the  cavity,  and 
adheres  to  one  of  its  fides ;   the  fame  thing 
happens  with  regard  to  the  other  fides,  and 
this  fucceflJive  accretion  mufl:  produce  hol- 
low pyramids  with   their    bafes  uppermofl:, 
which,  when  arrived  at  a  certain  magnitude, 
fink  by  their  own  weight. 

Marine  fait  appears  to  facilitate  the  fufion 
of  glafs;  it  always  occupies  the  upper  parts 
of  the  pots,  and  conflitutes  a  great  part  of 
the  matter  called  glafs  gall. 

Common  fait  is  ufed  to  vitrify  the  furface 
of  certain  kinds  of  pottery;   this  is  done  by 
throwing  a  certain  quantity  of  this  fait  into 
the  furnace,  where  it  is  volatilized,  and  ap- 
plies 
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plies  itfelf  to  the  furface  of  the  pottery,  oc- 
caiioning  fulion  by  its  extreme  heat.  This 
is  the  kind  of  glafing  ufed  in  the  making 
Englilh  pottery.^- 

Vitrifiable  earth  does  not  alter  this  fait, 
though  it  feems  to  haften  its  fiifion. 

Pure  clay  has  much  lefs  action  on  marine 
fait  than  on  nitre,  affording  by  diftillation 
only  a  fmall  quantity  of  weak  acid  3  the  dif- 
tillers  of  aqua  fortis,  it  is  true,  obtain  their 
fpirit  of  fait  in  this  manner,  but  they  em- 
ploy the  moft  impure  fait,  vvliich  contains 
much  fait  with  an  earthly  bafe,  and  like- 
.vvife  ufe  a  coloured  and  very  impure  clay. 

Ponderous  earth  decompofes  marine  fait, 
as  well  as  all  the  other  alkaline  falts^  as  the 
experiments  of  Bergman  (hew.  Lime  and 
magnelia  produce  no  change  in  marine  fait ; 
but  thefe  two  falino-terreftrial  fubftances 
combined  with  the  cretaceous  acid,  may 
perhaps  feparate  its  principles  by  the  way  of 
double  affinity. 

The  cauftic  vegetable  fixed  alkali  decom- 
pofes marine  fait,   becaufe  it  has  a  flronger 

*  The  pottery  here  fpoken  of,  is  of  the  kind  called  ftone 
ware.  It  is  not  probable  that  the  vitrification  is  produced 
by  any  extreme  heat  in  the  vapours  of  the  fait,  but  that  the 
alkali  of  this  laft,  uniting  vi^ith  the  filiceous  earth  contained 
in  the  w^are,  compofes  a  glafs;  part  of  the  marine  acid  be- 
ing at  the  fame  time  fet  at  liberty.  Hence  the  furface  of 
this  pottery  is  alvi'ays  rough,  the  argillaceous  part  of  the 
ware  not  being  equally  corroded  by  the  alkali.  The  glaze 
of  queen's  ware  is  chiefly  lead.     1\ 

G  3  affinity 
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affinity  than  the  mineral  alkali  to  Its  acid. 
A  folution  of  marine  fait,  mixed  with  the 
cauftic  alkali  of  tartar,  affords  the  febrifuge 
fait  by  evaporation,  and  the  mother  water 
contains  the  mineral  alkali  pure  and  difen- 
gaged. 

Acids  have  a  powerful  adlion  on  marine 
fait.  If  oil  of  vitriol  be  poured  on  this  fait, 
a  very  confiderable  inteftine  motion,  attend- 
ed with  a  ftrong  heat,  is  produced;  a  violent 
cffervefcence*  is  perceived,  which  arifes  from 
the  marine  acid  difengaged  in  the  form  of 
gas,  as  is  evident  from  the  white  vapour  it 
forms  with  the  water  of  the  atmofphere ; 
and  by  its  ftrong  fmell,  when  the  vapour  is 
much  diluted.  If  this  operation  be  made 
with  thepneumato-chemical  apparatus,  much 
marine  acid  gas  is  obtained.  Glauber  firft 
obferved,  and  accurately  defcribed  the  de- 
compofition  of  marine  fait  by  the  vitriolic 
acid  ;  whence  the  acid  obtained  in  this  me- 
thod has  been  called  Glauber's  fpirit  of  fait ; 
it  was  by  examining  the  relidue  of  this  ope- 
ration, that  he  difcovered  his  fal  admirabile. 

Mofl  authors  direfl:  in  the  diftillation  of 
fpirit  of  fait  to  put  decrepitated  marine  fait 
into  a  tubulated  retort  of  ftone  ware,  and  to 
pour  the  half  of  its  weight  of  oil  of  vitriol 
through  the  tubulated  part.  Vapours  of 
fpirit  of  fait  are  plentifully  difengaged,  which 

^  See  the  note,  page  94., 

pafs 
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pafs  through  the  neek  of  the  retort  into  two 
receivers,  the   firft  having  two   necks,  and 
the  fecond  being  applied  to  its  external  neck; 
a  fmall  hole  is  drilled  in   this  laft   receiver, 
that  the  vapours  may  efcape,  and  the  appa- 
ratus be  prevented  from  burfting.     In  this 
operation,  as  well  as  in  the  common  method 
of  diflilling  fpirit  of  nitre,  a  large  quantity  of 
the  pureft  acid  is  loft,  which  is  diffipated  in 
the  form  of  marine  acid  gas,  through  the  hole 
in  the  receiver ;  at  the  fame  time  that  the  cor- 
rofive  vapours,  which  fill  the  laboratory,  are 
very  inconvenient,  and  noxious  to  the  opera- 
tor.   Mr.  Baume,  to  obviate  part  of  thefe  in- 
conveniencies,  puts  a  quantity  of  water  into 
the  retort,  which  being  volatilized  in  the  re- 
ceiver, abforbs  a  great  quantity  of  the  ma- 
rine acid  gas.     But  as  this  gas  rifes  much 
fooner  than  the  water,  the  lofs  is  neverthe- 
lefs   very  confiderable.     Mr.   Woulfe,   by  a 
method  very  different  from  that  of  Baume, 
procures  the  ftrongeft  and  moft  concentrated 
marine  acid  :  inftead  of  volatilizing  the  wa- 
ter   after   the   vapours  of  marine   acid,    he 
caufes  the  gas  to   pafs  through  that   liquid, 
by  means  of  the  apparatus  defcribed  at  the 
article  nitre. 

Eight  ounces  of  diftilled  water  are  put 
into  the  collateral  bottles,  when  a  mixture  of 
two  pounds  of  marine  fait,  and  one  of  vitri- 
olic acid,  is  ufed.  The  acid  gas,  condudled 
by  the  tubes,  is  difiblved  in  the  water  of  the 
G  4  bottles ; 
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bottles;  the  combination  of  the  gas  heats^ 
the  water  almoft  to  boiling;  and  the  quan- 
tity of  air  abforbed  is  nearly  equal  in  weight 
to  that  of  the  water.  When  it  is  thus  far 
charged,  it  dilTolves  no  more,  and  becomes 
cold;  but  the  gas  paffing  into  the  fecond 
collateral  bottles,  unites  with,  and  heats  the 
water  they  contain. 

This  ingenious  procefs,  befides  the  gene- 
ral advantages  it  produces,  as  mentioned  in 
treating  of  the  nitrous  acid,  has  the  advan- 
tage of  affording  the  acid  in  a  ftate  of  great 
purity,  confiding  fimply  of  the  marine  gas 
diffolved  in  water.  It  is  therefore  very 
white,  while  that  formerly  obtained  was  al- 
ways of  a  citron  colour ;  a  circumftance 
which  has  led  chemifts  into  the  error  of  af- 
fuming  that  character  as  diftindtive  of  the 
acid  ;  the  portion  of  fpirit  of  fait,  which  in, 
this  procefs  is  condenfed  in  the  receiver,  is 
yellow,  and  contaminated  by  the  foreign 
matters  which  rife  from  the  matters  con- 
tained in  the»retort,  in  the  fame  manner  as 
happens  in  the  ancient  procefs.  An  addi- 
tional and  moft  valuable  advantage  of  this 
method  is,  that  it  accurately  afcertains  the 
quantity  of  acid  contained  in  marine  fait, 
no  portion  thereof  being  loft. 

The  nitrous  acid  likewife  decompofes  ma- 
rine fait;  but  as  it  is  itfelf  volatile,  it  rifes 
and  unites  with  the  acid  of  fait,  forming  the 
mixture  called  aqua  regia.     Baron  has  dif- 

covered 
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covered,  that  fedative  fait  difengages  the  acid 
of  marine  fait,  by  the  afliftance  of  heat  -,  the 
refidae  of  this  operation  is  very  pure  borax : 
the  cretaceous  and  fparry  acids  have  no  evi- 
dent action  on  marine  fait. 

The  neutral  falts,  hitherto  defcribed,  do 
not  ad:  on  marine  fait:  common  nitre,  rhom- 
boidal  nitre,  and  febrifuge  fait  being  dif- 
folved  in  the  fame  water  as  marine  fait,  each 
cryftallizes  as  ufual ;  the  marine  fait  is  one 
of  thofe  which  cryftallizes  firft,  during  the 
progrefs  of  the  evaporation,  and  is  mixed 
with  a  fmall  quantity  of  vitriolated  tartar 
and  febrifuged  fait;  but  the  Glauber's  fait 
and  nitre  remain  longer  in  folution,  and 
cryftallize  by  cooling.  The  mother  water, 
from  which  marine  fait  has  been  obtained  in 
Lorrain,  is  conveyed  while  hot  into  caiks, 
where  it  is  continually  agitated  during  its 
cooling;  by  which  means  the  Glauber's  fait 
cryftallizes  confufedly,  in  fmall  needles,  re- 
fembling  the  true  Epfom  fait. 

The  ufes  of  marine  fait  are  extenfive  and 
numerous;  it  is  employed,  i ft.  In  the  glaz- 
ing of  pottery.  2d,  In  glafs-making,  to 
render  the  glafs  whiter  and  clearer.  3d,  In 
docimaftic  eflays,  either  as  a  flux  to  facili- 
tate the  precipitation  of  metals  from  the 
fcorix,  and  to  prevent  their  alteration  by  the 
contacfl  of  the  atmofphere. 

Common  fait  is  at  prefent  applied  to  an- 
other ufe,  of  more  confcquence  than  thofe 

we 
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we  have  mentioned;  namely,  to  the  ex- 
tradlion  of  the  mineral  alkali,  or  fait  of 
Soda,  which  daily  becomes  more  fcarce,  and 
is  indifpenfably  neceffary  in  many  of  the 
arts  :  feveral  perfons  in  England  poflefs  this 
fecret,  and  extrafl:  the  alkali  in  the  large 
way.*  Mr.  Scheele  has  written  a  valuable 
differtation  on  this  fubjed,  which  may  be 
found  in  Crell's  Chemical  Journal.  This 
chemift  fucceeded  in  obtaining  the  mineral 
fixed  alkali,  by  fimple  maceration  of  common 
fait  with  litharge  in  the  cold.  There  ap- 
peared to  be  many  analogous  proceffes,  in 
which  other  metallic  calces  may  be  ufed 
to  anfwer  the  fame  purpofe,  two  condi- 
tions only  being  premifed,  the  one,  that 
they  contain  cretaceous  acid  to  aft  by  way 
of  double  affinity,  and  the  other,  that  they 
form  with  the  marine  acid  infoluble  falts, 
which  may  feparate  from  the  alkaline  lixi- 
vium. No  metallic  calx  poffeffes  thefe  pro- 
perties in  a  more  eminent  degree  than  that 
of  lead;  but  a  fufficient  number  of  expe- 
riments relative  to  this  bufinefs  have  not  yet 
been  publifhed,  to  enable  us  to  make  ufeful 

*  I  do  not  know  that  the  mineral  alkali  is  extracted  to 
advantage,  or  with  fufficient  profit  in  England,  from  com- 
mon fait,  though  feveral  attempts  have  been  made  for  that 
purpofe.  Mr.  Turner,  tinder  the  fan6lion  of  the  King's 
letters  patent,  extrads  it  by  means  of  litharge,  in  the  dry 
way ;  but  his  profit  arifes  chiefly  from  a  yellow  pigment, 
which  is  produced  by  the  combination, of  the  "marine  acid, 
^nd  the  calx  of  lead.     T. 
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inferences  refpeding  the  extradlion  of  alkali 
from  marine  fait  in  the  large  way :  wc 
ihall,  however,  again  refume  this  fubje(ft 
when  we  fpeak  of  lead. 

Marine  fait  is  univerfally  ufed  as  a  fea- 
foning  for  food;  it  facilitates  digeftion,  by 
producing  a  commencement  of  the  putrid 
alteration  in  the  alimentary  fubftances. 
For  though  it  is  well  afcertained,  by  the 
experiments  of  Pringle,  M*  Bride,  &c. 
that  it  retards  putrefaction,  and,  like  moft 
faline  matters,  is  a  powerful  antifeptic 
when  added  in  confiderable  quantities  to 
animal  matters;  yet  it  afts  in  a  very  different 
manner  when  mixed  with  thofe  fubftances 
in  a  fmall  dofe,  fince  it  caufes  them  to  pu- 
trefy more  quickly.  This  fad:  is  proved, 
by  the  experiments  of  the  author  of  Effays 
intended  to  ferve  as  an  hiftory  of  putrefac- 
tion, and  likewife  by  thofe  of  Mr,  Gar- 
dane. 

Marine  fait  is  not  of  lefs  utility  in  medi- 
cine; it  is  put  into  the  mouth,  and  em- 
ployed externally  as  a  powerful  ftimulant  in 
apopledic  or  paralytic  diforders ;  and  is  in 
many  cafes  a  good  difcufTive.  It  is  parti- 
cularly recommended  by  Ruflel  (de  tabe 
glandulari)  for  lymphatic  tumours,  arifing 
from  a  fcrophulous  difpofition  of  the  animal 
fyftem.  I  have  myfelf  obferved  its  happy 
effeds  in  many  diforders  of  this  nature.  As 
the  moft  impure  marine  fait  is  commonly 
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ufed  on  thofe  occafions,  its  efFedls  muft  be 
partly  attributed  to  the  calcareous  and  mag- 
nefian  marine  fait  it  contains. 

Species  VIL     Borax.* 

Borax  is  a  neutral  fait,  formed  by  the 
combination  of  the  acid  improperly  called 
fedative  fait,  with  the  marine  alkali. 

The  hiftory  of  this  fait,  which  comes  to 
us  from  the  Eaft  Indies,  is  very  uncertain  :  -f- 
it  is  not  yet  well  known  whether  it  be  a  na- 
tural or  an  artificial  produdl :  in  fadt,  though 
the  difcovery  of  fedative  fait,  diifolved  in  the 
waters  of  certain  lakes  in  Tufcany,  afford 
reafon  to  conclude  that  borax  is  a  natural 
produdl,  there  are  many  fadls  which  we  fhall 
mention  that  feem  to  prove,  that  this  fait 
may  be  intirely  formed  or  produced  by  cer- 
tain proceffes.  And  we  may  probably,  in 
future,  poffefs  artificial  methods  of  forming 
borax,  in  the  fame  manner  as  we  have  arti- 
ficial nitre-beds  in  feveral  parts  of  Europe. 

*  Hitherto  we  have  fpoken,  firft,  of  fuch  marine  falts 
as  have  the  vegetable  alkali  for  their  bafe  j  but  with  refpecl 
to  faltr,  which  contain  the  acid  called  fedative  fait,  we  are 
under  the  neceility  of  beginning  by  that  which  has  the 
mineral  alkali  for  its  bafe,  becaufe  it  is  the  only  one  we 
are  well  acquainted  with.     Note  of  the  Author. 

f  It  is  dug  out  of  the  earth,  in  the  kingdom  of  Thibet, 
in  a  cryftalline  form.  See  Kirwan's  Mineralogy,  page 
2c6.    T. 
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Borax  is  found  in  commerce  in  three  dif- 
ferent ftates ;  the  firft  is  crude  borax,  tin- 
cal,  or  chryfocolla,  which  comes  from  Per- 
iia.  It  is  in  greenifli  maffes,  of  a  greafy 
feel,  or  in  opake  cryftals  of  an  olive  green, 
which  are  fix-fided  prifms  terminated  by 
irregular  prifms.  There  are  two  varie- 
ties of  thefe  green  cryftals  differing  in  mag- 
nitude :  this  fait  is  very  impure  by  the  ad- 
mixture of  foreign  matters. 

The  fecond  fpecies  of  borax  is  known  by 
the  name  of  borax  of  China.  It  is  rather 
purer  than  the  foregoing ;  in  the  form  of 
fmall  plates  or  maffes  irregularly  cryflallized, 
of  a  dirty  white.  It  appears  to  confift  of 
fragments  of  prifms  and  pyramids  confound- 
ed together  without  any  fymmetrical  ar- 
rangement ;  a  white  powder  is  obferved  on 
the  furface,  which  is  thought  to  be  of  an 
argillaceous  nature. 

The  third  fpecies  is  the  Dutch  or  purified 
borax.  It  is  in  the  form  of  portions  of  tranf- 
parent  cryftals  of  confiderable  purity;  pyra- 
mids with  feveral  facets  may  be  recognized, 
the  cryftallization  appearing  to  have  been  in- 
terrupted. This  form  (hews  to  a  certainty 
that  the  Dutch  refine  this  fait  by  folution 
and  cryftallization. 

Laftly,  the  Meffrs.  Lefguilliers,  chemifts 
in  the  Rue  des  Lombards,  at  Paris,  prepare 
a  purified  borax,  in  no  refpedl  inferior  to 

that 
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that  of  Holland,  and  perhaps  even  of  greater 
purity. 

Befides  thefe  four  kinds  of  borax,  an  apo- 
thecary at  Paris,  Mr.  La  Pierre,  has  difco-^ 
vered  that  it  is  continually  formed  in  the 
foap  fuds  and  refufe  waters  of  the  kitchen, 
which  a  certain  individual  preferves  in  a 
kind  of  ditch,  and  from  which  at  the  end  of 
certain  time  he  obtains  true  borax  in  fine 
cryftals.  All  that  we  can  deduce  from  the 
known  fadts  concerning  its  formation,  is 
fimply,  that  it  is  produced  in  ftagnant  waters, 
which  contain  fat  matters.  Some  authors 
affirm,  that  it  is  produced  by  art  in  China ; 
a  mixture  of  greafe,  clay,  and  dung,  is  faid 
to  be  depofited  in  a  ditch,  ftratum  fuper 
ftratum.  This  mixture  is  fprinkled  with 
water,  and  fuiFered  to  remain  for  fome 
years,  at  the  end  of  which  time  the  mafs  is 
lixiviated,  and  affords  crude  borax  by  evapo- 
ration. Others  have  fuppofed  that  it  is  ob- 
tained from  water,  which  filters  through 
copper  mines.  Mr.  Baume  pofitively  af- 
firms, that  the  former  of  thefe  procefles 
fucceeded  very  well  with  him.  Chim.  Exper. 
Tom.  II.  pag,  132. 

Purified  borax  has  a  very  regular  form  ; 
its  cryftals  are  fix-fided  prifms,  two  of  the 
fides  being  commonly  larger  than  the  others 
terminated  by  triedral  pyramids.  Its  cryf- 
tallization  is  however  fubjedt  to  confidera- 
ble  varieties ;    its  tafte  is  ftyptic,  and  arts 
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ftrongly  on  the  fibres  of  the  tongue  ;  and, 
like  alkalis,  it  converts  the  fyrup  of  violets 
a  green.* 

Borax  expofed  to  heat  quickly  melts,  by 
means  of  its  water  of  cryftallization ;  it 
lofes  this  water  gradually,  fwelling  up, 
and  confiderably  increafing  in  magnitude, 
and  is  then  in  the  form  of  a  light  porous  and 
very  friable  mafs,  diftinguifhed  by  the  name 
of  calcined  borax.  This  appearance  arifes 
from  the  efcape  of  the  vapours  of  water, 
which  raife  the  half  dried  fait  into  the  form 
of  light  pellicles,  in  which  form  they  be- 
come dry,  fo  as  to  leave  cavities  between 
each  other.  Calcined  borax  is  not  at  all 
altered  in  its  compofition ;  nothing  being 
driven  off  by  the  heat,  but  the  water  of  cryf- 
tallization,  which  is  fomewhat  more  than 
a  third  of  its  weight.  Its  original  form 
may  be  reftored  by  folution  in  water  and 
cryftallization  ;  but  when  calcined  borax  is 
more  ftrongly  heated,  it  melts  into  the  form 
of  a  transparent  greenifli  glafs,  which  tar- 
nifhes  in  the  air,  and  is  foluble  in  water. 
The  nature  of  the  borax  is  not  at  all  changed 
by  this  fufion  ;  all  its  properties  being  re- 
ftored  by  folution  in  water  and  cryftalliza- 
tion. 

*  The  alkali  in  borax  is  unfaturated,  and  would  require 
more  than  twice  the  quantity  it  has  of  fedative  fait  for 
its  complete  faturation ;  hence  borax  ads  as  an  alkali  in 
many  cafes.     T. 
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Air  produces  no  change  in  this  fait,  ex- 
cepting the  depriving  it  of  a  part  of  its  wa- 
ter of  cryftallization  ;  and  by  that  means 
caufing  an  efflorefcence  on  its  furface.  It 
feems  that  this  efflorefcence  is  not  always 
the  fame  in  the  different  kinds  of  purified 
borax.  The  borax  of  China  efflorefces 
much  lefs  than  that  of  Holland;  and  the 
borax  purified  at  Paris  ftill  lefs  than  either. 
This  trifling  difference  doubtlefs  depends  on 
the  proceffes  made  ufe  of  in  its  purification, 
the  manner  of  cryflallizing,  and  the  quan- 
tity of  water  its  cryftals  contain,  accordingly 
as  they  have  been  formed  with  more  or  lefs 
rapidity. 

Borax  is  very  foluble  in  water;  twelve  parts 
of  cold,  or  fix  of  boiling  water,  are  required 
to  diflblve  one  of  the  fait ;  its  cryflals  may 
therefore  be  obtained  by  cooling,  but  thefineft 
and  mofl  regular  are  formed  by  fuffering  the 
cold  faturated  folution  to  evaporate  fponta- 
neoufly  in  the  ordinary  temperature  of  the 
atmofphere. 

Borax  ferves  as  a  flux  to  vitrifiable  earths, 
with  which  it  forms  a  good  glafs.  It  is  em- 
ployed in  making  artificial  precious  flones, 
or  falfe  gems. 

It  vitrifies  clay,  but  much  lefs  completely, 
than  filiceous  earths ;  from  this  property  it 
adheres  to  and  glazes  the  infide  of  crucibles. 

The  adlion  of  ponderous  earth,  and  of  pure 
magnefia,    on  borax,  is  not  known.     Mr. 
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Bqigman,  however,  places  thefe  ^^o  fub- 
ftances  before  the  alkalis  m  thUfVt^th  .co- 
lumn of  his  table  of  affinities  ;  "WhfcL^n]- 
plies  that  they  are  capable  'of  decomppfmg 
borax:  but  in  his  differtation  he  atiirms, 
that  the  affinities  of^poiaderous  earth  and. 
magnefia  with  the'  acid  of  borax  are  not  yet 
accurately  determined. 

Lime  has  really  a  ftronger  affinity  with 
the  acid  of  borax  than  the  fixed  vegetable  al- 
kali has  5  lime-WAter  precipitates  thefolution 
of  this  fait  j  but  in;  order  to  decompofe  it 
perfectly,  it  is  ueceiTary  to  boil  quick-lime 
in  a  folution  of  borax ;  the  precipitate  which 
is  then  formed  is  an  almoft  infoluble  faline 
compound  of  lime  with  the  fedative  acid, 
and  the  cauftic  mineral  alkali  remains  dif- 
folved  in  the  water, 

The  vegetable  .fixed  alkali  decompofes 
borax,  as  well  as  every  other  fait  with  bafe 
of  mineral  .alkali :  volatile  alkali  does  not 
a<5l  upon  it  at  all. 

Acids  adl  ftrongly  upon  this  fait;  if  the 
vitriolic  acid  be  gradually  poured  into  a  boil- 
ing folution  of  borax,  till  the  liquor  con- 
tains a  flight  excefs  of  acid,  a  very  abundant 
precipitate,  in  the  form  of  fmall  brilliant 
fcales,  is  obtained  by  cooling.  This  muft 
be  waflied  with  diftilled  water,  and  dried  : 
it  is  the  fedative  fait.  The  liquid  being 
evaporated,  and  cooled  fucceffively  for  fe- 
veral  times,  affords  more  fedative  fait;  and 
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at  laft  a  Glauber's  fait  is  obtained,  by  the  union 
of  the  mineral  alkaline  bafe  of  the  borax  to 
the  vitriolic  acid. 

The  nitrous  and  marine  acids  decompofe 
borax  in  the  fame  manner,  becaufe  of  their 
ftronger  affinity  to  the  mineral  alkali ;  the 
relidues  of  thefe  evaporations  afford  rhom- 
boidal  nitre  and  marine  fait.  The  difcovery 
of  fedative  fait  appears  to  have  been  made 
by  Beccher,  but  it  is  commonly  attributed 
to  Homberg,  who  firft  accurately  defcribed 
a  procefs  for  obtaining  it,  in  the  Memoirs  of 
the  Royal  Academy.  The  procefs  confided 
in  diftilling  a  mixture  of  calcined  vitriol  of 
iron,  borax,  and  water:  he  called  the  fublim- 
ed  fait,  volatile  narcotic  fait  of  vitriol,  on 
account  of  the  firft  mentioned  ingredient, 
which  he  fuppofed  to  contribute  greatly  to 
its  formation.  Louis  Lemery,  eldeft  fon 
of  the  famous  Nicholas,  has  made  many 
experiments  with  borax;  and  in  the  year 
1728,  he  obferved,  that  fedative  fait  may  be 
obtained  by  means  of  the  pure  vitriolic,  ni- 
trous and  marine  acids ;  but  he  always  ufed 
the  method  of  fublimation.  It  is  to  Geoffroy 
the  younger,  that  we  are  indebted  for  a  com- 
plete analyfis  of  borax;  in  the  year  1732,  he 
obtained  fedative  fait  by  evaporation  and 
cryftallization ;  and  by  examining  the  refi- 
due  of  the  procefs,  he  ihewed,  that  marine 
alkali  is  one  of  the  principles  of  borax. 

The  experiments  of  Baron,  prefented  to 

the 
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the  Academy  in  the  years  1745  and  1748, 
exhibit  two  important  facts,  in  addition  to 
thofe  before  known.  The  iirft  is,  that  ve- 
getable acids  likewife  decompofe  this  fait ; 
and  the  fecond  is,  that  borax  may  be  recom- 
pofed  by  uniting  fedative  fait  with  marine 
alkali,  by  which  it  is  proved,  that  the  acid 
exifts  ready  formed  in  the  fait,  and  that  the 
other  acids  made  ufe  of  in  procuring  it  do 
not  at  all  contribute  to  its  formation. 

The  fparry  acid,  and  even  the  cretaceous 
acid,  though  one  of  the  weakeft,  are  capable 
of  decompofing  borax,  and  feparating  the  fe- 
dative fait.  This  laft  readily  unites  with  bo- 
rax, whofe  alkaline  bafe  requires  for  its  perfedl 
faturation  fomewhat  more  fedative  fait  than 
is  equal  to  the  weight  of  the  borax  itfelf* 
Bergman  even  thinks  that  this  fait  is  im* 
perfedily  faturated,  and  that  its  alkaline  pro- 
perties cannot  be  removed,  but  by  this  ad- 
dition of  fedative  fait :  the  properties  of 
borax,  thus  faturated,  have  not  yet  been 
fully  inquired  into. 

Neutral  falts,  confifting  of  a  fixed  alkali 
united  with  the  vitriolic,  nitrous,  or  marine 
acids,  have  no  aftion  on  borax. 

This  fait,  fufed  with  combuftible  matters, 
as  for  example  charcoal,  acquires  a  reddifh 
colour,  but  the  alteration  it  fuftains  is  not 
well  known. 

Borax  is  exceedingly  ufeful  in  feveral  ma- 

nufadiures;  it  is  employed  as  an  excellent 
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flux  in  the  art  of  glafs-making,  as  well  as  ir> 
affays.  It  is  advantageoufly  ufed  in  folder- 
ing,  which  it  promotes  by  affifting  the  fu- 
fion  of  the  folder,  by  fofiening  the  furfaces 
of  the  metals,  and  by  defending  them  from 
the  contaft  of  the  air,  by  which  they  would 
otherwife  be  calcined.  Borax  was  formerly 
much  ufed  in  medicine,  but  it  is  at  prefent 
intirely  abandoned. 

Species  VIII.     Vegetable  Borax. 

We  give  the  name  of  vegetable  borax  to 
the  combination  of  the  fedative  fait  or  acid 
with  the  vegetable  fixed  alkali.  It  Is  well 
known,  that  thefe  two  faline  fubftances  are 
ftrongly  difpofed  to  unite,  and  that  a  neu- 
tral fait,  analagous  to  borax,  is  produced  in 
this  operation  3  the  refidue  of  nitre  decom- 
pofed  by  fedative  fait  is  of  this  kind.  Mr. 
Baume  affirms,  that  this  refidue  is  a  white 
mafs,  imperfecflly  melted,  and  that  by  folu- 
tion  in  water  it  affords  a  fait  in  fmall  cryfl:als. 
Vegetable  borax  is  therefore  fufible,  foluble, 
and  cryfliallizable.  It  is  probable  that  the 
pure  acids  would  decompofe  this  fait,  as 
well  as  common  borax ;  but  nothing  more  is 
known  concerning  this  fait,  which  has  not 
been  fcarcely  at  ail  examined.  Baron  was 
acquainted  with  the  poffibility  of  producing 
this  fait,  by  the  dired:  combination  of  feda- 
tive fait  with  fait  of  tartar :   he  has  even 

made 
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made  a  diftinftion  between  this  and  the  bo- 
rax with  bafe  of  mineral  alkali,  but  he  fays 
nothing  of  its  properties. 

Species  IX.     Sparry  Tartar. 

By  this  name,  or  by  the  names  of  fluor 
tartar,  or  tartareous  fluor,  we  may  diftin- 
guifh  the  combination  of  the  fparry  acid 
with  vegetable  alkali  or  tartar.  This  kind 
of  neutral  fait  has  hitherto  been  only  flightly 
examined  by  Scheele  and  Boullanger.  It  is 
always  in  a  gelatinous  form,  and  never  cryf- 
tallizes.  According  to  Scheele,  it  is  acrid, 
cauftic,  and  deliquefcent,  when  dried  and  melt- 
ed: he  com.pares  it  in  this  ftate  to  the  liquor 
of  flints.  It  appears  that  the  fire  difengages 
the  fparry  acid,  and  that  the  filiceous  earth, 
always  taken  up  by  this  acid,  melts  into  a 
foluble  glafs  by  means  of  the  fixed  alkali. 

Sparry  tartar  is  very  foluble  in  water,  of 
which  fluid  it  always  retains  fo  large  a  quan- 
tity, as  to  render  it  incapable  of  taking  the 
cryftalline  form.  When  well  faturated,  its 
folution  produces  no  change  in  fyrup  of 
violets. 

The  acTrion  of  the  quartzofe,  argillaceous, 
ponderous,  and  magnefian  earths  on  this 
fait,  are  not  known. 

According  to  Scheele  and  Bergman,  lime 

has   a  fl:ronger  affinity  than  the  fixed  vege- 

tabk  alkali  with  the   fparry  acid.     Sparry 
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tartar  is  immediately  decompofed  by  lime- 
water^  the  lime  unites  with  the  acid,  and 
forms  an  infoluble  fait,  which  is  the  vitreous 
or  fluor  fpar.  We  fliall  hereafter  obferve, 
that  the  neutral  falts  formed  by  the  creta- 
ceous acids  and  fixed  alkalis,  are  likewife 
decompofed  by  lime.  We  have  alfo  feen 
that  borax  is  precipitated  by  lime-water ; 
the  fparry  is  not,  therefore,  the  only  acid 
which  has  a  ftronger  affinity  to  this  falino- 
terreftrial  fubftance  than  to  fixed  alkalis. 

Oil  of  vitriol  decompofes  the  fparry  tartar, 
and  difengages  its  acid,  which,  according  to 
Mr.  Boullanger,  exhibits  the  white  vapours 
and  fmell  peculiar  to  marine  acid.  When  this 
experiment  is  made,  in  a  proper  apparatus 
for  diflillation,  the  fparry  acid  is  collefted 
in  the  fame  manner  as  the  acids  of  nitre  and 
marine  fait  are,  by  the  addition  of  the  oil 
of  vitriol. 

The  ad:ion  of  the  nitrous  and  marine  acids, 
as  well  as  that  of  the  neutral  falts  upon 
fparry  tartar,  has  not,  that  we  know  of,  been 
examined  into. 

This  fait  is  not  applied  to  any  ufe. 

Species  X,     Sparry  Soda. 

We  ufe  this  name  to  denote  the  combi-^ 
nation  of  the  fparry  acid  v/ith  mineral  al- 
kali ;  other  chemifts  have  called  it  fluor  of 
foda,  or  fluorated  foda.  Like  the  preceding 
falt|  it  has  been  very  little  examined.  Meff. 

Scheele 
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Scheele  and  Boullanger  fpeak  of  this  com- 
bination, but  their  accounts  do  not  agree. 

Scheele  affirms,  that  the  marine  alkali,  unit- 
ed to  the  fparry  acid,  forms  a  jelly,  refembling 
fparry  tartar ;  Mr.  Boullanger,  on  the  con- 
trary, affirms,  that  this  combination  affords 
very  fmall,  hard,  brittle  cryftals,  in  oblong 
fquares,  of  a  bitter  and  rather  Hyp  tic  tafte. 
On  hot  coals  it  decrepitates,  like  marine 
fait;  and  it  is  fcarcely  foluble  in  water. 

Lime-water  decompofes  this  fait,  in  the 
fame  manner  as  it  does  fparry  tartar. 

Oil  of  vitriol  difengages  the  acid  with  ef- 
fervefcence  and  the  produ(5lion  of  white 
ftrong-fmelling  vapours,  refembling  thofe  of 
marine  acid. 

This  fhort  account  fhews,  that  fparry  fo- 
da  is  not  better  known  than  the  fparry  tar- 
tar. 

Species  XI.     Cretaceous  Tartar. 

The  two  perfedl  neutral  falts,  which  re- 
main to  be  examined,  are  combinations  of 
the  cretaceous  acid  with  fixed  alkalis. 

Thefe  fubftances  have  never  been  ranked 
among  neutral  falts,  though  they  are  truly 
fuch,  as  we  fliall  £liew. 

By  the  name  of  cretaceous  tartar,  or  chalk 
of  tartar,  we  diftinguifii  a  neutral  fait,  pro- 
duced by  the  combination  of  the  cretaceous 
acid  with  the  fixed  vegetable  alkali.  Some 
H  4.  modern 
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modern  chemifts  diftinguifh  it  by  the  nam© 
of  mephitic  tartar,  aerated  vegetable  alkali, 
&c.  This  faline  fubftance  was  not  known 
to  be  a  neutral  fait,  but  was  always  taken 
for  a  pure  alkali,  till  the  time  of  Dr.  Black. 
It  was  formerly  called  fixed  fait  of  tartar, 
becaufe  it  is  obtained  by  the  incineration  of 
tartar  of  wine.  It  was  confidered  as  an  al- 
kali, becaufe  it  has  fome  of  the  properties  of 
thofe  falts ;  in  fad:,  it  reddens  the  fyrup  of 
violets  -y  but  borax  and  the  vitriols  have  the 
fame  property;  befides  which,' it  does  not 
deflroy  or  diminifh  the  fcolour  of  violets,  like 
the  pure  or  cauflic  vegetable  fixed  alkali. 
Borax  likewife  has  an  alkaline  tafte.  It  was 
diftinguifhed  from  the  alkali  of  Soda,  by  the 
property  it  was  faid  to  have  of  ftrongly  at- 
trading  the  humidity  of  the  air,  and  its  be- 
ing incapable  of  cryftallization  ;  *  but  thefe 
two  properties  depend  on  the  fait  of  tartar 
not  being  perfectly  neutralized,  as  it  con- 
tains a  certain  quantity  of  pure  cauflic  ve- 
getable alkali,  by  reafon  of  which  excefs  it 
is  deliquefcent.     Cretaceous   tartar  is  now 

*  Bohnius  reports,  that  having  evaporated  oil  of  tartar 
floV/ly,  by  a  gentle  heat,  he  obtained  under  a  faline  pel- 
licle, fine  cryftals,  which  he  preferved  for  fix  years  with- 
out alteration,  though  expofed  to  different  temperatures. 
(Diflert.  Phyfico-Chim.  1666.)  Mr.  Montet,  a  cele- 
brated chemift  of  Montpelier,  doubtlefs  unacquainted  with 
the  difcovery  of  Bohnius,  likewife  difcovered  a  procefs  for 
cryftallizing  the  fixed  fait  of  tartar.  Memoirs  of  the  Aca- 
<lemy  of  Sciences,  1764,  page  576.    Note  of  the  Authoi-. 

obtainedi 
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obtained  very  cryftallizable,  and  which  rather 
efflorefces  than  attracts  the  humidity  of  the 
air.  The  Due  de  Chaulne,  who  has  made 
many  experiments  relating  to  this  fubjecfl, 
prepares  the  fait,  by  expofmg  the  fixed  alkali 
in  a  place  filled  with  the  cretaceous  gas ;  as 
for  example,  the  upper  part  of  a  vat  of  beer 
in  a  ftate  of  fermentation.  The  alkali  be- 
comes faturated  with  the  cretaceous  acid,  and 
cryftallizes  regularly  in  quadrangular  prifms, 
terminated  by  very  fhort  four-fided  pyra- 
mids. 

The  tafte  of  cretaceous  tartar  is  urinous, 
but  much  lefs  ftrong  than  that  of  the  cauftic 
vegetable  alkali,  as  it  may  be  employed  in  m^e- 
dicine  in  a  dofe  of  feveral  grains.  This  neu- 
tral fait  melts  readily  in  the  fire,  and  quickly 
becomes  alkalized;  if  it  be  diftilledin  apneu- 
mato-chemical  apparatus,  water  and  creta- 
ceous acid  are  obtained,  and  the  alkali  re- 
mains fixed  in  an  irregular  mafs,  together 
with  a  fmall  portion  of  the  cretaceous  acid, 
which  cannot  but  with  the  greateft  diffi- 
culty be  expelled.  According  to  the  analyfis 
of  Bergman,  cretaceous  tartar,  faturated  with 
acid,  and  in  perfect  cryftals,  which  he  calls 
aerated  vegetable  alkali,  contains,  in  the  cen- 
tenary, twenty  parts  of  cretaceous  acid, 
forty-eight  of  pure  alkali,  and  thirty-two 
of  water.  But  it  muft  be  obferved,  that  cre- 
^meous  falts  appear  to  be  more  particularly 
IPbeptible  of  variation,  with  refped:  to  the 

dofes 
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dofes  of  acid  they  may  contain.  However, 
as  the  fait  we  now  fpeak  of  never  cryftallizes 
regularly  but  when  it  is  perfed:ly  faturated, 
the  calculation  of  Bergman  may  be  efteemed 
accurate. 

Cretaceous  tartar,  when  well  cryftallized, 
is  not  altered  in  any  refped  by  expofure  to 
air.  As  it  may  be  of  great  utility  in  many 
experiments  to  have  this  fait  fufficiently 
pure  to  poflefs  this  property  of  withftanding 
the  effefts  of  the  air,  w^e  think  it  neceifary  to 
obferve,  that  it  may  be  conveniently  pre- 
pared by  the  method  of  the  Due  de  Chaulne, 
already  mentioned;  that  is  to  fay,  by  ex- 
pofure of  a  folution  of  very  pure  fait  of 
tartar  to  the  cretaceous  acid  in  the  upper 
part  of  fermenting  veflels. 

This  fait  diffolves  in  four  parts  of  cold 
water,  and  requires  rather  lefs  hot  water 
for  the  fame  purpofe.  During  the  time  of  fo- 
lution cold  is  produced.  This  laft  proper- 
ty, which  diftino:ui{hes  the  neutral  from  the 
iimple  falts,  is  fuiiiciently  charaderiftic  of 
the  difference  between  cretaceous  tartar  and 
the  pure  or  cauftic  vegetable  fixed  alkali » 
It  cryftallizes  by  evaporation  and  cooling : 
if  its  folution  be  too  concentrated,  it  takes 
the  form  of  an  irregular  mafs,  a  circum- 
ftance  which  often  happens  in  laboratories. 

Like   the  pure  vegetable  fixed  alkali,    it 
may  be  ufed  as  a  flux  for  vitrifiable  eart^^ 
becaufe  the  adtion  of  the  fire  diflipates  ^p 

cretaceous 
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cretaceous  acid;  if  a  mixture  of  fand  with 
this  fait  be  ftrongly  heated  in  a  crucible,  a 
confiderable  effervefcence  will  be  obferved 
at  the  inftant  of  vitrification,  a  phenomenon 
which  proves  that  iiliceous  earth  cannot  com- 
bine with  the  alkali  while  faturated  with  the 
cretaceous  acid.  This  effervefcence  is  fo 
conftant,  that  it  is  afTumed  as  a  charadteriftic 
of  filiceous  earth  by  Bergman,  in  his  trea- 
tife  on  the  blow-pipe,  who  direcfts  its  fu- 
fion  with  fait  of  tartar  for  the  purpofe  of 
obferving  this  charadler. 

Clay  has  no  action  on  the  cretaceous  tar- 
tar, which  reduces  this  earth,  by  fufion,  into 
a  vitreous  frit,  though  rather  more  diffi- 
cultly than  the  pure  vegetable  fixed  alkali. 
Ponderous  earth  deprives  this  fait  of  the  fix- 
ed air  it  contains. 

Lime  likewife  decompofes  it,  by  virtue 
of  its  greater  affinity  than  that  of  vegetable 
fixed  alkali  with  the  cretaceous  acid :  if 
lime-water  be  poured  into  a  folution  of  cre- 
taceous tartar,  a  fait  fcarcely  foluble  is  form- 
ed, by  the  union  of  the  lime  with  the  cre- 
taceous acid,  which  falls  down,  and  the 
pure  or  cauftic  alkali  remains  diflblved  in 
the  fluid ;  this  decompofition  is  ufed  in 
pharmacy  to  prepare  the  lapis  cauflicus, 
which  confifls  cf  the  fixed  alkali,  deprived 
of  cretaceous  acid  by  means  of  lime.  Mo- 
dern difcoveries  have  Tnewn,  that  the  pro- 
cefs  of  Lemery,  adopted  in  many  pharma- 
copeias, 
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copcias,  is  very  defedlive.  It  confifted  in 
mixing  two  pounds  of  crude  alkali,  *  with 
one  pound  of  quick-lime,  to  which  fixteen 
pounds  of  water  were  added ;  this  being 
filtered  and  evaporated  in  a  copper  veffel, 
afforded  a  refidue,  which  was  melted  in  a 
crucible,  and  poured  out  on  a  fmooth  llone. 
In  this  operation,  an  impure  and  fcarcely 
cauftic  alkali,  charged  likewife  with  copper, 
is  obtained. 

Bucquet,  aware  of  thefe  inconveniencies, 
directs  the  procefs  to  be  made,  in  a  more 
expenfive  and  lefs  expeditious  way,  but 
with  much  more  certainty  in  the  procuring 
a  very  pure  vegetable  alkali,  fo  neceffary  to  be 
had  in  chemical  experiments.  Two  pounds 
of  good  quick-lime  is  moiftened  withafmall 
quantity  of  water,  to  caufe  it  to  fall  into 
powder  ;  one  pound  of  fixed  fait  of  tartar  is 
added,  together  with  a  fuflicient  quantity  of 
water  to  form  a  pafle  ;  when  the  whole  is 
grown  cold,  fixteen  pints  of  water  are  add- 
ed, and  the  mixture  is  placed  on  a  paper, 
fupported  by  a  piece  of  linen.  About  twelve 
pounds  of  a  clear  liquor  pafs  through,  and 
the  refidue  is  waflied  with  four  pints  of  boil- 
ing water,  to  carry  off  the  whole  of  the  al- 

*  Or  cendres  gravelees.  Thefe  are  the  afhes  afForded 
by  the  combuftion  of  the  marc  or  hufks  of  grapes,  and 
the  dregs  of  wine.  They  contain  much  vegetable  alkali, 
or  cretaceous  tartar,  together  vrith  Ibme  vitriolated  tartar. 
Note  of  the  Author. 

kali. 
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kali.  This  liquor  does  not  efFervefce  with 
acids;  but  the  beft  teft  of  its  perfed:  caufti- 
city  is,  its  not  occalioning  a  cloud  in  lime- 
water,  which  it  will  do,  if  it  contain  the 
fmallefl;  quantity  of  cretaceous  acid.  The 
liquid  is  not,  however,  fufficiently  pure  to 
ftand  this  teft,  and  muft  be  again  treated 
with  two  additional  pounds  of  quick-lime, 
to  bring  it  to  that  degree  of  perfection  which 
is  deiirable  for  nice  experiments.  If  the 
alkali  be  obtained  from  this  liquid,  by  eva- 
poration in  open  veiTels,  it  feizes  the  cre- 
taceous acid  contained  in  the  atmofphcre  ;  it 
muft  therefore  be  evaporated  to  drynefs  in  a 
retort  when  the  folid  form  is  wanted.  This 
tedious  operation  is  not  neceffary  in  making 
the  lapis  caufticus,  which  will  anfwer  its 
intention,  provided  it  contain  a  fufficient 
quantity  of  cauftic  alkali  to  corrode  the  fkin; 
but  as  the  accurate  experiments  of  modern 
chemiftry  require  the  dry  cauftic  vegetable 
fixed  alkali  in  a  ftate  of  purity,  it  is  proper  to 
obferve,  that  the  evaporation  of  the  cauftic 
alkaline  lixivium  ought  to  be  made  in  clofed 
veffels,  and  that  this  evaporation  requires  the 
fire  to  be  carefully  managed  towards  the 
end,  on  account  of  the  great  denfity  the 
liquid  acquires.  The  fixed  alkali  obtained 
by  this  procefs  ought  to  be  exceeding  white, 
to  make  no  efFervefcence  with  acids,  and  to 
produce  no  precipitation  when  added  to 
lime-water. 

Magnefia 
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Magnefia  produces  no  efFedt  on  cretaceous 
tartar,  becaufe  the  vegetable  fixed  alkali  has 
^/ftronger  affinity  to  the  acid  it  is  combined 
with. 

The  vitriolic,  nitrous,  marine,  and  fparry 
acids,  decompofe  cretaceous  tartar,  by  unit- 
ing w^ith  the  fixed  alkali,  and  feparating  the 
cretaceous  acid,  w^hich  is  difengaged  with 
efFervefcence.  This  acid,  in  the  gafeous  ftate, 
may  be  colledted  over  water  and  mercury ; 
it  is  known  by  the  four  following  charac- 
ters :  it  is  heavier  than  the  air  of  the  atmo- 
fphere,  extinguifhes  flame,  reddens  turn- 
fole,  and  precipitates  lime-water. 

The  acid  of  borax  does  not  feparate  the 
cretaceous  acid  from  this  fait  in  the  cold, 
but  very  eafily  produces  that  efFed:  when 
heated. 

The  neutral  falts  hitherto  examined  have 
no  aftion  on  cretaceous  tartar.  This  fait  is 
very  abundantly  found  in  nature  :  it  exifts 
ready  formed  in  vegetables,  and  is  obtained 
by  the  incineration  of  thefe  organic  bodies, 
as  we  ihail  more  particularly  defcribe  in  our 
account  of  the  vegetable  kingdom.  It  is 
obtained  more  particularly  from  burned  tar- 
tar, and  is  likewife  prepared  by  the  deto- 
nation of  nitre. 

The  ufes  of  cretaceous  tartar  in  the  arts 
are  many ;  it  is  employed  in  medicine  as  a 
very  aftive  folvent;  in  obftrudlions  of  the 
mefentery  and  the  urinary  paiTages,  it  is  not 

adminiltered 
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adminlftercd   but   in    fmall  dofes,    together 
with  fome  fubftance  which  may  moderate 

its  aftion.  ^ 


Species   XII.       Cretaceous   Soda,    or 
Natrum. 

This  neutral  fait,  like  the  foregoing,  was 
till  lately  confidered  as  an  alkali,  though  it 
is  a  combination  of  the  mineral  fixed  alkali 
with  cretaceous  acid :  it  may  be  diflin- 
guiihed  by  its  ancient  name,  natrum.  It  is 
commonly  called  fait  of  Soda,  becaufe  it  is 
obtained  in  a  confiderable  degree  of  purity, 
and  well  cryftallized  by  evaporating  a  lixi- 
vium of  Soda.  The  diftindion  made  be- 
tween the  vegetable  fixed  alkali  and  the  ma- 
rine alkali,  founded  on  the  property  of  the 
latter  to  cryftallize  and  fall  into  efHorefcence, 
arifes  merely  from  its  being  faturated  with 
cretaceous  acid  in  its  ordinary  flate. 

Cretaceous  foda  nas  an  alkaline  tafte,  and 
renders  the  fyrup  of  violets  green,  though 
this  does  not  alter  its  colour  fo  much  as  the 
cauflic  mineral  alkali  does ;  its  tafte  is  uri- 
nous, but  neither  fo  burning  nor  fo  cauflic 
as  that  of  the  fame  alkali  in  a  ftate  of  pu- 
rity. 

This  fait  is  commonly  found  purer  than 
cretaceous  tartar,  becaufe  its  property  of 
cryflallizing  has  long  been  known ;  this 
property,  as  we  have  before  obferved,  is  a 

general 


128  NATRUM. 

general  criterion  to  diflinguifli  neutral  from 
limple  falts. 

Cretaceous  foda,  or  natrum,  haftily  cryf- 
tallized,  appears  to  be  formed  of  rhomboi- 
dal  laminae,  obliquely  applied  on  each  other^i 
after  the  manner  of  tiles.  When  it  is  flowly 
cryftallized,  it  takes  the  form  of  rhombic 
octahedrons,  whofe  pyramids  are  truncated 
very  near  their  bafe,  or  decahedral  folidsj 
with  two  acute  and  two  obtufe  angles. 

This  fait  is  more  fufible  than  cretaceous 
tartar,  and  is  for  that  reafon  preferred  by 
glafs- makers  ;  it  lofes  the  greateft  part  of 
its  acid  by  the  adlion  of  heat,  but  always 
retains  a  part.  Bergman,  by  an  accurate 
analyiis,  found  that  one  hundred  parts  of 
cretaceous  foda,  which  he  calls  aerated  mi- 
neral alkali,  contain  lixteen  parts  of  cretace- 
ous acid,  twenty  parts  of  pure  alkali,  and 
fixty-four  parts  of  water,  fo  that  the  mineral 
alkali  requires  a  larger  portion  of  that  acid 
for  its  faturation  than  the  vegetable  alkali, 
and  retains  twice  the  quantity  of  water  -,  its 
more  regular  cryftallization,  and  its  property 
of  efiiorefcing,  feem  to  depend  on  this  por- 
tion of  water. 

Cretaceous  foda  is  more  foluble  than  cre- 
taceous tartar,  as  it  requires  only  twice  its 
weight  of  cold  water,  or  half  that  quantity 
of  boiling  water,  to  hold  it  in  folution.  It 
cryftallizes  by  cooling ;  but  fpontaneous  eva- 
poration affords  more  regular  cryftals.  Cre- 
taceous 
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taceous  foda  expofed  to  the  air,  readily  falls 
into  powder  by  the  lofs  of  its  water  of  cryf- 
tallization ;  it  is  not,  however,  altered  by 
this  efflorefcence,  but  recovers  its  original 
form  by  folution  in  water  and  cryftalliza- 
tion. 

The  fufion  of  vitrifiable  earths  is  greatly 
facilitated  by  this  fait,  and  the  glafs  it  forms 
is  more  durable  than  that  into  which  the 
cretaceous  tartar  enters ;  which  is  a  fecond 
reafon  for  preferring  it  in  the  glafs  manufac- 
tories. The  fame  difengagement  of  the  cre- 
taceous acid  from  this  fait,  when  fufed  with 
fand,  as  was  obferved  to  take  place  in  cre- 
taceous tartar,  is  alfo  found  to  take  place 
with  this.  It  has  no  more  adion  on  clay  thaa 
the  laft  mentioned  fait. 

Ponderous  earth,  lime,  and  its  aqueous 
folution,  decompofe  cretaceous  tartar,  and 
difengage  the  cauftic  mineral  alkali.  When 
a  folution  of  this  fait  is  added  to  lime-water, 
a  precipitate  of  chalk  falls  down,  which  is 
not  obferved  when  the  cauftic  alkali  is  ufed. 
The  cauftic  mineral  alkali  may  be  obtained 
for  exadl  or  minute  chemical  purpofes  by  the 
fame  procefs  with  this  fait,  as  we  have  before 
directed  to  be  made  for  the  preparation  of  the 
lapis  caufticus  with  cretaceous  tartar. 

Natrum  is  alfo  decompofed  by  the  vitrio- 
lic, nitrous,  and  marine  acids,  and  the  creta- 
ceous gas  may  be  colledled  over  v/ater  or  mer- 
cury. 

Vol.  II.  r  This 
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This  fait  is  found  ready  formed  on  the  fur- 
face  of  the  earth  in  Egypt,  and  elfewhere. 
It  is  likewife  found  in  the  aflies  of  rrjarine 
plants,  but  not  faturated  with  acid.  To  render 
it  perfectly  neutral,  it  may  be  diredlly  com- 
bined with   the  cretaceous   acid,  either   by^ 
agitating  it  over  liquors  in  fermentation,  or 
by  receiving  the  cretaceous  acid  difengaged 
from  chalk,  by  fpirit  of  vitriol,  into  its  folu- 
tion.     The  impregnation   of  a   folution  of 
foda  poured  into  a  veffel  covered  with  a  wet 
bladder,    produces  a  vacuum,  as   has   been 
obferved  in  fpeaking  of  the  cretaceous  acid.* 
The  foda,  or  natrum,  may  alfo  be  difen- 
gaged  by  decompofing  marine  fait   by  the 
medium   of  litharge. -f-     This   calx  of  lead, 
containing  the  cretaceous  acid,  adts  by  dou- 
ble affinity  :    ift.  That  of  the  lead  with  the 
marine  acid,  which  forms  a  fait  nearly  info- 
luble,  called  plumbum  corneum.     2d,  That 
of  the  cretaceous  acid,  with  the  mineral  al- 
kali, which  is  therefore  obtained  under  the 
form  of  cretaceous  foda.     To  decompofe  the 
marine  fait  in  this  way,  nothing  more  is  re- 
quired, than  to  leave  the  litharge  with  the 
fait,  and  a  fmall  quantity  of  water,  to  mace- 
rate at  the  temperature  of  about  70  degrees. 
The  decompofition  is  gradually  eiFeded,  and 
at  the  end  of  three  or  four  days,  the  liquor 

*  Vol.  II.  page  8. 
t  Vol.  II.  page  106.. 
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that  floats  above  a  kind  of  magna,  is  found 
to  contain  cretaceous  mineral  alkali.  The 
fait  may  be  obtained  from  the  decanted  li- 
quor by  evaporation.  Such  is  the  general 
refult  of  Scheele's  difcoveries  relating  to  the 
decompofition  of  marine  fait ;  but  I  mufl 
not  conceal,  that  the  decompofition  has  not 
fucceeded  fo  v^^ell  in  my  attempts,  which 
"were  made  at  feveral  different  times  with  the 
quantity  of  a  pound  of  fait,  from  which  I 
obtained  no  more  than  a  few  particles  of  fait 
of  foda. 

Cretaceous  foda  may  be  employed  for  the 
fame  ufes  as  cretaceous  tartar  -,  and  as  it  is 
much  more  valuable  in  the  manufaftorles  of 
glafs,  foap,  &c.  an  effectual  method  of  ob- 
taining it  from  marine  fait  would  be  a  valu- 
able acquifition  to  fociety. 


CHAP.       YL 


Genus  IL  Imperfed:  Neutral  Salts,  with 
Bafe  of  Volatile  Alkali,  or  Ammoniacal 
Salts. 

AMmoniacal    falts    are   formed    by   the 
combination  qf  the  volatile  alkali  with 
an  acid ;   their   tafte  is  in  general   urinous, 
and  they  are  all   more  or  lefs  volatile,  and 
I  2  more 
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more  eafily  decompofed  than  theperfed:  neu- 
tral lalts.  We  are  acquainted  with  fix  fpe- 
cies  ;  ammoniacal  vitriol,  ammoniacal  nitre, 
ammoniacal  marine  fait,  or  fal-ammoniac  pro- 
perly fo  called,  ammoniacal  borax,  ammo- 
niacal fpar,  and  ammoniacal  chalk. 

Species  I.     Ammoniacal  Vitriol. 

Ammoniacal  vitriol,  or  vitriolic  fal-ammo- 
niac, is  the  refult  of  a  faturated  combination 
of  the  vitriolic  acid  with  the  volatile  alkali ; 
it  has  been  called  Glauber's  fecret  fal-ammo- 
niac, becaufe  it  was  difcovered  by  that  che- 
mift. 

When  very  pure,  it  has  the  form  of  needles, 
which,  on  careful  examination,  are  found 
to  be  flattened  prifms  of  fix  fides,  two  of 
which  are  very  broad,  terminated  by  fix- 
fided  pyramids  irregularly  formed;  but  the 
whole  figure  of  the  cryftallization  is  fubjedt 
to  confiderable  varieties.  This  fait  is  fome- 
times  in  the  form  of  quadrangular  prifms, 
and  I  have  often  obtained  it  in  very  thm 
fquare  plates. 

Its  tafte  is  bitter  and  urinous  ;  it  is  light, 
and  very  friable.  As  it  contains  much  wa- 
ter, it  quickly  melts  with  a  low  heat,  after 
which  it  gradually  becomes  dry.  In  this 
ftate  it  melts  foon  after  the  red  heat,  and 
does  not  fublime,  according  to  Bucquet; 
but  Baume  alTcrts  that   it  is  femi-volatile. 

I  have 
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I  have  obferved,  in  repeating  this  experi- 
ment, that  a  portion  of  the  fait  fublimes, 
the  reft  remaining  fixed  in  the  veflel.  Buc- 
quet,  doubtlefs,  means  to  fpeak  of  this  laft. 

Ammoniacal  vitriol  is  fcarcely  changed 
by  expofure  to  air ,  it  does  not  efflorefce 
like  Glauber  fait,  but,  on  the  contrary, 
flightly  attrad:s  the  humidity  of  the  air. 

It  is  very  foluble  in  water  ;  two  parts  of 
cold,  or  one  of  hot  water,  being  fufficient 
to  hold  it  in  folution:  it  cryftallizes  by  cool- 
ing; but  the  fineft  cryftals  are  obtained  by 
fpontaneous  evaporation.  It  likewife  unites 
with  ice,  which  it  melts,  producing  at  the 
fame  time  an  exceffive  degree  of  cold.  It 
does  not  aft  on  earths,  nor  on  magnei]a  ; 
though  this  laft  feems  to  decompofe  it  after 
a  length  of  time,  as  Bergman  obferves. 

Since  ponderous  earth  and  pure  fixed  al- 
kalis difengage  the  volatile  alkali,  if  creta- 
ceous tartar  or  natrum  be  diftilled  with  vi- 
triolic fal-ammoniac,  a  double  decompofition 
and  combination  take  place.  The  vitriolic 
acid  unites  with  the  fixed  alkali,  and  forms 
either  vitriolated  tartar  or  Glauber's  fait.  The 
cretaceous  acid,  at  the  fame  time,  being  vo- 
latilized, together  with  the  alkaline  gas, 
both  unite  and  form  a  peculiar  ammoniacal 
fait,  which  cryftallizes  in  the  recipient.  We 
fhall  fpeak  more  fully  on  this  fubjeft  in  the 
hiftory  of  fal-ammoniac. 

The  nitrous  and  marine  acids  feparate  the 
I  3  vitriolic 
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vitriolic  acid  of  the  ammoniacal  vitriol,  ini 
the  fame  manner  as  from  vitriolated  tartar. 

It  has  not  hitherto  been  found  in  nature; 
yet  we  find  in  the  Cryftallographie  of  Ro- 
me de  Lifle,  1772,  page  57.  that,  accord- 
ing to  Mr.  Sage,  the  native  fal-ammoniac  of 
volcanos  is  of  this  kind.  It  is  artificially 
produced  by  the  diredl  combination  of  the 
vitriolic  acid,  and  volatile  alkali ;  or  by  de- 
compofing  vitriolic,  earthy  or  metallic  falts, 
by  means  of  volatile  alkali  -,  or  laftly,  by  the 
decompofition  of  nitrous,  marine,  and  creta- 
ceous ammoniacal  falts  by  the  vitriolic  acid, 

Ammoniacal  vitriol  is  of  no  ufe,  though 
'  Glauber  recommends  it  ftrongiy,  for  metal- 
lurgic  operations. 

Species  II.     Ammoniacal  Nitre. 

Ammoniacal  nitre,  or  nitrous  ammoniacal 
fait,  is  alfo  a  produftion  of  art,  prepared  by 
the  dire6l  combination  of  the  nitrous  acid 
with  the  volatile  alkali ;  its  cryftals  are 
prifms,  whofe  figure  has  not  been  accurately 
defcribed.  Rome  de  Lifle  affirms,  that  it 
cryflallizes  in  fine  needles,  refembling  thofe 
of  vitriolated  tartar ;  but  they  are  in  fad 
very  long  and  ftriated,  and  refemble  com- 
mon nitre  more  than  vitriolated  tartar, 

Its  tafte  is  bitter,  penetrating,  and  uri- 
nous. It  is  friable  like  ammoniacal  vi- 
triol.   When  expofed  to  the  aftion  of  fire  it 

liquifies^ 
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liquifies,  gives  out  aqueous  vapours,  becomes 
dry,  and,  long  before  the  red  heat,  detonates 
alone  v\^ithout  the  contad:  of  any  inflamma- 
ble matter,  and  even  in  a  clofe  veflel.  In 
the  firft  edition  of  this  work  wq  obferved, 
that  this  Angular  property  appeared  to  de- 
pend on  the  volatile  alkali,  becaufe  alka- 
line gas  feems  to  be  in  fome  degree  combuf- 
tible,  and  becaufe  it  augments  the  flame  of 
candles  before  it  extinguifhes  them.  Mr. 
Berthollet  having  expofed  ammoniacal  nitre 
to  the  ad:ion  of  heat  in  a  pneumato-chemi- 
cal  and  difl:illatory  apparatus,  and  having  ob- 
ferved the  phenomena  of  this  operation  more 
carefully  than  had  been  done  before,  re- 
marks, that  it  is  not  a  true  detonation  which 
takes  place,  but  a  fudden  and  infi:antaneous 
decompofition,  in  which  part  of  the  volatile 
alkali  is  entirely  defl:royed.  The  water  obtain- 
ed in  the  receiver  contains  a  fmall  part  of  the 
nitrous  acid  difengagcd  in  proportion  to  the 
quantity  of  volatile  alkali  decompofed  ;  and 
the  latter  gives  out  phlogifliicated  air  or  at- 
mofpheric  mephitis.  The  liquid  produdl  of 
this  operation  being  weighed,  a  greater  quan- 
tity of  water  is  found  than  exifl:ed  in  the 
ammoniacal  nitre ;  and  Mr.  Berthollet  thinks 
that  this  fuperabundant  water  is  formed  by 
the  union  of  the  inflammable  gas,  which  is 
one  of  the  principles  of  the  volatile  alkali, 
with  the  vital  air  of  the  nitrous  acid.  The 
atmofpheric  mephitis,  or  other  principle  of 

I  4  the 
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*he  volatile  alkali,  which  is  fix:  times  moro 
in  quantity  than  the  inflammable  gas,  is  dif- 
engaged  and  collected  under  the  vefTels  of  the 
pneumatic  apparatus. 

Nothing  can  be  faid  refpecSing  the  fufibi- 
lity  and  volatility  of  this  fait,  as  its  fudden 
decompofition  is  eftefted  before  the  period 
at  which  thofe  events  ufually  take  place. 

It  flightly  attradl's  the  humidity  of  the  air, 
which  agglutinates  its  cryflals,  and  forms  it 
into  clots  or  balls. 

It  is  very  foluble  in  water;  unites  with, 
and  melts  ice,  producing  a  confiderable  de- 
gree of  cold.  Half  its  weight  of  hot  water 
is  required  to  diffolve  it,  and  a  fomewhat 
greater  of  cold  ;  it  cryftallizes  irregularly  by 
cooling,  but  the  moft  perfedl  cryflals  are 
obtained  by  fpontaneous  evaporation. 

Ammoniacal  nitre  is  decompofed  by  pon- 
derous earth,  lime,  and  fixed  alkalis.  The 
alkaline  gas  feparated  by  thefe  caufiic  fub- 
ilances  being  very  volatile  and  expanfible, 
the  decompofition  of  ammoniacal  nitre,  as 
well  as  of  other  falts  of  this  kind,  is  pradlica- 
ble  in  the  cold,  and  may  be  efFedled  by  tritu- 
rating this  fait  with  lime ;  but  when  the 
decompofition  is  intended  to  be  made  ia 
clofe  vefiels,  by  means  of  fire,  the  heat  mufl 
be  very  carefully  regulated,  to  avoid  fpon- 
ianeous  combuilion. 

The  vitriolic  acid  difengages  fpirlt  of  nitre 
from  this  fait  with  efi-'ervefcence,  and  forms 

ammoniacal 
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ammoniacal  vitriol,  or  the  fecret  fait  of 
Glauber,  with  its  bafe. 

Cretaceous  tartar,  and  cretaceous  foda,  de- 
compofe  it  by  double  affinity,  and  in  the 
operation  a  concrete  volatile  alkali  is  fub- 
limed,  which  we  fhall  examine  under  the 
name  of  ammoniacal  chalk. 

The  ammoniacal  nitrous  fait  is  not  applied 
to  any  ufe. 

Species  III.     Sal  Ammoniac, 

Sal-ammoniac  is  a  combination  of  the  ma- 
rine acid  with  the  volatile  alkali.  The  an- 
cients difcinguifhed  it  by  this  name,  becaufe 
they  received  it  from  that  part  of  Lybia,  in 
w^hich  the  temple  of  Jupiter  Ammon  was 
fituated. 

Sal  ammoniac  is  found  native  in  the  vi- 
cinity of  burning  mountains,  where  it  has 
the  form  of  an  efflorefcence,  or  groups  of 
needles,  either  feparate  or  together,  ufually 
of  a  yellow  or  red  colour,  and  mixed  with 
arfenic  and  orpiment.  This  is  not  ufed,  the 
faditious  fort  prepared  in  the  large  way  be- 
ing the  only  fort  met  with  in  commerce. 

The  true  origin  of  this  fait  was  not  known 
till  the  commencement  of  the  prefent  cen- 
tury, though  the  fait  itfelf  has  been  ufed 
from  tim.e  immemorial.  By  a  letter  of 
Mr.  Lemere,  conful  at  Cairo,  in  the  year 
1770,  w^e  became  acquainted  with  the  art 

of 
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of  obtaining  fal  ammoniac  from   the   foot 
of  camels  dung,   which  is   burned  at  Cairo 
inftead   of  wood.      This    foot  is   put   into 
large  round   bottles,    a  foot  and    a  half  in 
diameter,  terminated  by  a  neck  two  inches 
high,  which  is  filled  to  within  four  inches 
of  the  neck;    each    bottle   contains    about 
forty  pounds  of  this  foot,  and  affords  nearly 
fix    pounds  of  the  fait.     Thefe  veiTels  are 
placed  on  a  furnace,  fo  formed,  that  the  neck 
only  is  expofed   to  the  air;  a  fire  is  made 
with  camels  dung,  and  continued  for  three 
days  and  three  nights ;  and  the  fait  fublimes 
on  the  fecond  and  third  day.  The  bottles  are 
then  broken,  and  the  loaves  of  fal  ammo- 
niac are  taken  out ;  thefe  loaves,  which  we 
receive  in  the  form  they  obtain   from  the 
fubliming  veffels,  are  convex  and  unequal, 
having  a  protuberance  on  one  fide  formed  from 
the  neck  of  the  fubliming  vefl^el.     The  in- 
ferior as  well  as  the  fuperior  furface  is  foiled 
by  a  kind  of  foot. 

Pomet  has  defcribed  a  kind  of  fal  ammo- 
niac in  loaves  fimilar  to  thofe  of  fugar,  with 
the  point  cut  off,  which  is  imported  by  the 
way  of  Holland.  Geoffrey,  who  firft  difco- 
vered  in  France  the  materials  of  this  fait, 
and  conjed:ured  the  procefs  employed  for  its 
preparation,  difcovered  likewife,  that  this 
fecond  kind  of  fal  ammoniac  is  made  in  the 
Indies,  where  it  is  prepared  in  much  larger 
quantities  than  in  Egypt^  from  v/hich  it  dif- 
fers 
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fers  only  in  its  form,  being  llkewife  fub- 
limed.  Thefe  loaves  of  fourteen  or  fifteen 
pounds  each,  are  hollow  at  their  bafe,  and 
formed  of  three  different  layers.  The  cone 
is  truncated,  becaufe  the  point,  confifting 
of  impure  matter,  has  been  cut  off. 

Mr.  Baume  has  eftablifhed  a  manufafture 
of  fal  ammoniac  in  the  neighbourhood  of 
Paris,  where  this  fait  is  entirely  compofed 
by  a  different  procefs  from  that  of  the  Egyp- 
tians, who  only  extracted  it.  ?v/Ir.  Baume's 
fait  is  much  purer  than  the  Egyptian.* 

The  tafte  of  fal  ammoniac  is  penetrating, 
acrid,  and  urinous.  The  form  of  its  crys- 
tals is  a  long  hexahedral  pyramid ;  the  fea- 
thered form  confifts  of  a  number  of  thefe 
pyramids  joined  together  under  various  an- 
gles.    Rome  de  Lille  thinks  that  the  cryftals 

*  Sal  ammoniac  is  now  made  in  large  quantities  in  Bri- 
tain. The  volatile  alkali  is  obtained  in  an  impure  liquid 
Hate  from  foot  or  bones,  or  any  other  fubflance  that  af- 
fords it ;  to  this  the  vitriolic  acid  is  added  :  and  the  vitriolic 
ammoniac  thus  produced,  is  decompofed by  common  fait  by 
double  affinity;  the  vitriolic  acid  combining  vi'ith  the  mine- 
ral alkali,  and  the  marine  acid  with  the  volatile  alkali.  The 
liquor  therefore  contains  Glauber's  fait  and  fal  ammoniac, 
which  are  feparated  by  cryftallization ;  and  the  fal  ammo- 
niac is  fublimed  into  cakes  for  fale.  The  cheapnefs  of  the 
vitriolic  acid,  and  of  common  fait,  is  the  caufe  why  they 
are  made  ufe  of  inftead  of  the  marine  acid,  with  which  the 
fal  ammoniac  might  have  been  dire^^lv  formed. 

Lord  Dundonald  extracts  volatile  alkali  from  pit  coal ; 
but  whether  it  can  be  afforded  cheaper  for  the  general  pur- 
pofcs  of  commerce  than  that  of  the  above  procefs,  is  not,  I 
believe,  yet  afcertained.     T. 

.of 
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of  fal  ammoniac  are  odtahedrons  joined  to- 
gether. Cubical  cryftals  of  this  fait  are 
formed,  though  rarely,  in  the  middle  of  the 
concave  and  hollow  parts  of  the  loaves 
formed  by  fublimation. 

This  fait  poffeffes  a  lingular  phyfical  pro- 
perty, namely,  a  kind  of  dudlility,  fo  that 
it  rebounds  under  the  hammer,  and  may 
be  bended;  a  circumftance  v^hich  renders 
it  difficult  to  pulverize. 

Sal  ammoniac  is  entirely  volatile,  but  re- 
quires a  confiderable  heat  to  raife  it.  This, 
method  is  ufed  in  order  to  procure  it  in  a 
ilate  of  purity,  and  perfectly  dry.  It  is 
pulverized,  and  placed  in  matraffes  plunged 
up  to  their  middle  in  a  fand  bath ;  heat  be- 
ing gradually  applied  for  fevcral  hours,  the 
fait  fublimes,  and  forms  a  mafs  compofed 
of  ftriated  needles  joined  to  each  other 
length-ways.  When  the  operation  is  well 
managed,  regular  cubical  cryftals  are  often 
found  in  the  middle  of  the  loaf;  but  if  the 
heat  is  too  great,  the  mafs  is  denfe,  femi- 
tranfparent,  and  as  if  melted. 

Mr.  Baume  has  obferved,  that  when  this 
fait  is  fublimed  feveral  times,  there  is  each 
time  difengaged  a  fmall  quantity  of  volatile 
alkali  and  marine  acid  -,  fo  that  it  may  per- 
haps be  poffible  by  repeated  fublimations  to 
decompofe  fal  ammoniac  entirely  :  this  fad: 
requires  to  be  confirmed. 

Sal 
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Sal  ammoniac  Is  not  fenfibly  changed  by 
expofure  to  air,  but  may  be  kept  for  an  un- 
limited time  without  alteration.  It  is  very 
foluble  in  water,  fix  parts  of  cold  water  dif- 
folving  one  of  the  fait,  and  a  confiderable  de- 
gree of  cold  being  produced.  The  cold  is 
much  greater  when  the  fait  is  mixed  with 
ice.  This  artificial  cold  caufes  feveral  phe- 
nomena, which  cannot  be  exhibited  at  plea- 
fure  by  any  other  means,  fuch  as  the  congela- 
tion of  water,  the  cryfl:allization  of  certain 
falts,  the  fixation  of  evaporable  fluids,  &c. 

Boiling  water  diflblves  nearly  its  own 
weight  of  fal  ammoniac ;  the  fait  cryftallizes 
by  cooling,  but,  like  other  falts,  the  beft 
cryftals  are  obtained  by  fpontaneous  or  in- 
fenfible  evaporation.  A  very  faturated  fo- 
lution  of  this  fait  being  clofed  in  a  bottle, 
frequently  depofits,  at  the  end  of  fome  days, 
cryrtals  in  the  form  of  a  plume  of  feathers, 
compofed  of  a  middle  fibre,  to  which  a  great 
number  of  other  fibres  are  joined  perpendicu- 
larly; and  thefe  lafl;  fuftaln  others  which  are 
fmaller,  in  fuch  a  manner,  that  the  whole  per- 
fedly  refembles  vegetation.  I  have  often  ob- 
ferved  this  phenomenon  in  my  laboratory.* 

Sal 

*  Every  chemift  muft  know  how  neceflary  it  Is  to  vi/It 
from  time  to  time  the  products  preferved  in  a  laboratory, 
efpecially  faline  folutions.  When  curious  fa6ts  cafually  of- 
f^T  themfdves,  they  ought  to  bq  immediately  recorded  to 

prevent 
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Sal  ammoniac  is  not  decompofed  by  clay; 
neither  does  magnefia  decompofe  it,  but  with 
difficulty,  and  in  part,  as  Bergman  obferves  : 
if  a  mixture  of  magnefia  and  folution  of  fal 
ammoniac  be  put  into  a  bottle,  vapours  of 
volatile  alkali,  according  to  the  remark  of 
the  celebrated  chemift  of  Upfil,  are  difen- 
gaged  at  the  end  of  fome  hours.  But  this 
disengagement  foon  ceafes,  and  the  quantity 
offal  ammoniac  which  is  decompofed,  is  very 
fmall. 

Lime,  and  likewife  ponderous  earth,  fe- 
parate  the  volatile  alkali,  even  in  the  cold  : 
if  fal  ammoniac  be  triturated  with  quick 
lime,  the  ftrong  fmell  of  alkaline  gas  is  im- 
mediately perceived.  When  this  operation 
is  performed  in  clofe  veffels,  the  volatile  al- 
kali may  be  colleded.  But  this  operation, 
not  having  been  accounted  for  by  authors,  in  as 
accurate  a  v^ay  as  the  modern  difcoveries  per- 
mit, we  fhall  proceed  to  give  a  more  minute  de- 
fcription.  If  newly  made  quick  lime  and  very 

prevent  their  being  loft,  together  with  the  important  con- 
fequences  to  which  they  often  lead.  I  have  in  very  many 
inftances  obferved  cryftals  formed  in  this  vi^ay,  where  none 
were  obtainable  by  evaporation.  It  likewife  happens  not 
unfrequently  on  opening  bottles,  which  have  flood  for  fome 
time,  cryftals  are  depofited,  whofe  origin  is  fmgularly  fa- 
voured by  agitation  and  the  contadt  of  air.  This  note,  which 
is  fuperfluous  to  fuch  as  are  already  in  the  habit  of  chemical 
obfervation,  is  inferted  for  the  ufe  of  beginners.  Note  of 
the  Author. 

dry 
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dry  fal  ammoniac  be  heated  in  a  retort,  vvhofe 
neck  is  plunged  beneath  a  veffel  of  mercury, 
a  large  quantity  of  alkaline  gas  is  obtained. 
This  is  known  to  be  the  caufe  why  in  dif- 
tilling  without  the  pneumato-chemical  ap- 
paratus, the  produdt  obtained  is  inconfidera- 
ble,  at  the  fame  time  that  there  is  great  danger 
of  burfting  the  veffels.    Mr.  Baume,  to  pre- 
vent thefe  inconveniencies,  advifes,  that  wa- 
ter be  put  into  the  retort,  which  is  certainly 
productive  of  a  good  effed: ;  but  as  the  alka- 
line gas  is  much  more  volatile  than  the*wa- 
ter,  a  large  quantity  is  always  loft.     Che- 
mifts    nov/    employ  the  apparatus  of  Mr* 
Woulfe  with    the   greateil    fuccefs    in   the 
diftillation   of   volatile  alkali.     This  appa- 
ratus, as  we  have  before  obferved,  coniifts 
of  a  receiver  with  two  necks,  one  adapted 
to  the  retort,  and  the  other  connected  with 
an  empty  bottle  ;  from  which  laft  collateral 
tubes  iffue,  and  are  inferted  through  the  necks 
of  additional   bottles,  v/hich   have  likewife 
collateral   tubes   of  communication   iimilar 
to   the  firft,    for    the  purpofe    of  conned:- 
ing  additional  bottles  of  the  fame  kind.  The 
mixture  of  quick  lime  and  dry  fal  ammoniac 
in  powder  is  put  into  a  ftone-ware  retort,  and 
a  gradual  heat  is  cautioufly  applied,  and  in- 
creafed  to  rednefs,   fo  as  even  to  vitrify  the 
bottom  of  the  retort.     The  alkaline  gas  dif- 
engaged  by  the  lime,  paffes  into  the  receiver, 

and 
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and  the  bottles,  and  uniting  with  heat  to  the 
water  in  the  latter,  faturates  it,  and  forms 
the  moft  highly  cauftic  alkaline  fpirit.  By 
this  means  no  part  of  the  volatile  alkali  is 
loft  :  the  produd:  is  very  pure  and  white, 
and  the  procefs  may  be  conducfled  to  the  beft 
advantage,  without  any  inconvenience  to  the 
operator  from  the  fumes,  or  danger  from 
the  probable  rupture  of  the  vefTels.  The 
late  Mr.  Bucquet  and  myfelf  have  afcer- 
tained,  that  inftead  of  three  parts,  as  com- 
monly direfted,  one  part  and  a  half  of  lime 
is  fufficient  to  decompofe  one  part  of  fal  am- 
moniac. Lime  flaked  in  the  air  decompofes 
this  fait  as  well  as  quick  lime;  the  refidue 
is  calcareous  marine  fait,  which  we  fliall  here- 
after examine.  It  is  proved  by  this  operation, 
that  lime  has  a  ftronger  affinity  than  the  vo- 
latile alkali  to  the  marine  acid. 

The  two  fixed  alkalis  decompofe  fal  am- 
moniac as  well  as  lime,  and  difengage  the 
pure  volatile  alkali  in  the  gafeous  form ; 
they  may  be  employed  with  the  fame  fuccefs 
as  lime ;  but  the  expence  of  thefe  being 
much  greater  than  that  of  the  falino-terref- 
trial  fubftance,  and  no  greater  advantages 
arifing  from  the  ufe  of  them  than  of  this 
laft,  they  are  never  ufed  fpr  this  purpofe. 

The  vitriolic  and  nitrous  acids  feparate 
the  marine  acid  from  the  volatile  alkali  by 
ftronger  affinity,  and  compofe  ammoniacal 
vitriol  and  nitre. 

Neutral 
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Neutral  falts  have  no  effect  on  fal  am- 
moniac, thofe  only  excepted  which  are 
formed  by  the  cretaceous  acid ;  for  exam- 
ple, cretaceous  tartar  and  cretaceous  foda. 
A  double  decompofition  takes  place  in  thefe 
mixtures:  while  the  marine  acid  unites  to  the 
fixed  alkali  to  form  febrifuge  or  common  ma- 
rine fait,  the  cretaceous  acid  being  difengaged, 
feizes  the  volatile  alkali,  and  forms  a  neu- 
tral ammoniacal  fait,  which  fublimes  in 
cryftals,  fo  as  to  line  the  interior  part  of  the 
receiver,  and  w^hich  we  call  ammoniacal  chalk, 
or  cretaceous  fal  ammoniac.  To  perform  this 
operation,  one  part  of  very  dry  cretaceous 
tartar  or  foda  is  mixed  with  one  part  of  fub-^ 
limed  fal  ammoniac  in  powder.  The  mixture 
is  introduced  into  a  flone-ware  retort,  to  which 
a  large  receiver  or  cucurbit  of  glafs  is  fitted; 
and  a  gradual  heat  being'  applied  till  the 
bottom  of  the  retort  becomes  red  hot,  a  very 
white  cryftallized  fait  fublimes,  which  is 
the  cretaceous  ammoniacal  fait.  A  fmall 
quantity  of  moifture  likewife  paffes  over ;  the 
refidue  is  febrifuge,  or  marine  fait,  according 
to  the  alkali  made  ufe  of.  A  very  confider- 
able  quantity  of  cretaceous  ammoniacal  fait, 
equal  in  weight  to  nearly  two-thirds  of  the* 
fal  ammoniac  made  ufe  of  is  obtained.  This 
phenomenon  caufed  Mr.  Duhamel  to  con- 
clude, that  fome  of  the  fixed  alkali  pafied  over 
it  with  the  volatile  alkali.     It  is  eafy  to  con- 

Vol.  II,  K  ceive, 
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ceive,  fince  this  theory  has  been  explained 
by  modern  experiments,  that  the  accef- 
fion  of  the  cretaceous  acid  muft  greatly  in- 
creafe  the  weight  of  the  fublim.ed  fait.  The 
concrete  volatile  alkali  has  neverthelefs,  till 
very  lately,  been  efteemed  in  a  ftate  of  pu- 
rit}'>  and  the  properties  of  cryftajlizing  and 
of  effervefcing  with  acids,  have  been  affumed 
as  fpecific  charadlers ;  while  the  alkali  ob- 
tained by  lime,  which  is  truly  the  pure  vo- 
latile alkali,  was  fuppofed  to  be  the  fame 
fait  altered,  and  partly  decompofed.  Hence 
we  may  fee  how  much  the  difcoveries  of  Dr. 
Black  have  elucidated  the  theory  of  faline 
matters  :  it  may  even  be  affirmed,  that  they 
have  created  a  new  theory  of  chemiftry. 

The  ufes  of  fal  ammoniac  are  very  nume- 
rous and  extenfive.  It  is  ufed  internally,  in 
dofes  of  a  few  grains,  in  obftrudions,  inter- 
mitting fevers,  &c.  Externally,  it  afts  as 
a  powerful  antifeptic  in  gangrenes,  &c. 

It  is  ufed  in  a  great  number  of  arts,  but 
efpecially  in  the  art  of  dying,  and  in  the 
foldering  or  uniting  different  metals.  It  is 
employed  by  braziers  to  cleanfe  the  furface 
of  copper  previoufly  to  its  being  tinned. 

Species  IV.    Sedative  Sal  Ammoniac 

Sedative  fal  ammoniac,  or  ammoniacal  bo- 
rax, is  a  combination  of  fedative  fait  with 
the  volatile  alkali.   No  one  has  yet  examined 

its 
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its  properties  that  I  know  of,  but  I  have 
myfelf  made  the  following  obfervations. 

Very  pure  fedative  fait  being  diiTolved  in 
cauftic  vegetable  alkali,  w^as  diluted  with  a 
fmall  quantity  of  water,  and  about  half  the 
liquid  evaporated  on  a  fand  bath  ;  a  pellicle 
of  united  cryftals  was  formed,  whofe  furface 
exhibited  the  figure  of  polyhedral  cryftals. 
Its  tafte  was  penetrating  and  urinous,  it 
converted  fyrup  of  violets  to  a  green,  and 
gradually  loft  its  cryftaliine  form,  and  be- 
came brown  by  expofure  to  air.  It  is  mo- 
derately foluble  in  water,  and  lime  difen- 
gages  the  volatile  alkali. 

Such  are  the  principal  properties  I  iiave 
obferved  on  a  firft  examination ;  but  I  have 
not  yet  made  a  fufficient  number  of  experi- 
ments to  fpeak  decifively  refpedting  its  na- 
ture. 

Ammoniacal  borax  is  not  applied  to  any 
ufe. 


Species  V.     Sparry  Sal  Ammoniac. 

This  fait,  like  the  foregoing,  has  not 
been  accurately  examined ;  many  chemifts 
call  it  ammoniacal  fpar,  or  fluor. 

Mr.  Boulanger  agrees  with  Scheele  in  af- 
firming that  the  fparry  acid,  combined  with 
the  volatile  alkali,  does  not  cryftallize,  but 
forms  a  jelly,  which  affords  vapours  refem- 
bling  thofe  of  the  marine  acid,  when  the 
K  2  vitriolic 
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vitriolic  acid  is  added.  Thefe  two  chemiils 
have  not  examined  the  other  properties  of 
this  kind  of  fait,  but  their  obfervations  were 
fufficient  to  enable  them  to  diftinguifh  the 
ijparry  from  the  marine  acid. 

Species  VI.     Cretaceous    Sal    Ammo- 
niac. 

We  give  the  name  of  cretaceous  fal  am- 
moniac, or  ammoniacal  chalk,  to  that  which 
was  formerly  called  concrete  volatile  alkali, 
and  is  a  true  neutral  faline  combination  of 
the  cretaceous  acid  with  pure  volatile  alkali. 
It  does  not  exift  pure  and  alone  in  nature. 
Moft  animal  fubftances  aftbrd  it  by  the  aftion 
of  heat.  It  is  likewife  formed  by  the  dired: 
union  of  the  cauftic  volatile  alkali  with  the 
cretaceous  acid,  either  by  agitating  the  al- 
kali in  the  upper  part  of  a  vat  of  ferment- 
ing liquor;  by  paffing  the  cretaceous  acid 
into  volatile  alkaline  fpirit ;  or  by  pouring 
the  acid  into  a  vefTel,  on  the  fides  of  which 
a  few  drops  of  cauftic  volatile  alkali  are 
fpread  :  in  all  thefe  cafes  cryftals  of  ammo- 
niacal chalk  are  formed.  It  is  likewife  ob- 
tained by  decompofing  fal  ammoniac,  by 
the  addition  of  cretaceous  neutral  falts,  efpe- 
cially  the  fixed  alkalis. 

It  is  capable  of  a  regular  form,  and  its  cryf- 
tals appear  to  be  polygonal  prifms.  Berg- 
man defcribes  them  as  odahedrons,  having 

four 
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four  of  their  angles  truncated.  Rome  de 
Lifle  mentions  groups  of  cryftals  of  this  fait, 
in  which  it  had  the  form  of  fmall  flattened 
tetrahedral  cryftals,  terminated  at  their  up- 
per extremity  with  a  dihedral  fummit. 

Its  tafte  is  urinous,  but.much  lefs  fo  than 
that  of  the- cauftic  volatile  alkali;  its  fmell, 
though  fimilar  to  this  laft,  is  likewife  faint- 
er:  it  converts  fyrup  of  violets  to  a  green. 
We  think  it  neceifary  to  obferve,  with  r,e- 
fped:  to  this  laft:  property,  that  the  cretace- 
ous is  not  the  only  acid  which  does  not  com- 
pletely deftroy  the  properties  of  the  alkalis 
with  which  it  is  combined;  and  that  the 
appellation  of  neutral  may  properly  be  applied 
to  alkalis  faturated  with  this  weak  acid,  fince 
fedative  fait,  which  has  always  been  reckon- 
ed neutral  in  its  combination  with  borax, 
has  the  fame  property. 

Cretaceous  fal  ammoniac  is  very  volatile, 
and  the  fmalleft  heat  fublimes  it  entirely,  if 
it  be  well  cryftallized.  The  firft  effcdl  of 
heat  is  that  of  liquefadion,  by  means  of  its 
water  of  cryftallization,  or  the  aqueous  fu- 
fion,  but  it  rifes  immediately  after,  or  near- 
ly at  the  fame  time;  fo  that  it  is  fcarcely  pof- 
fible  to  o.btain  this  fait  well  cryftallized,  and 
at  the  fame  time  very  dry. 

It  is  very  foluble  in  water,  and,  like  all 
other  neutral  falts,  produces  cold;  a  pro- 
perty fo  contrary  to  that  of  the  pure  vola- 
tile alkali,  as  to  afford  an  additional  argu- 
ment for  ranking  it  among  the  neutral  falts. 
K  3  Two 
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Two  parts  of  cold  water  diflblve  more  than 
one  of  cretaceous  fal  ammoniac ;  hot  water 
diflblves  more  than  its  own  weight ;  but  as 
this  fait  is  diffipated  by  the  heat  of  boiling 
water,  the  method  of  cryftallizing  by  heat 
cannot  be  ufed  without  riiking  the  lofs  of 
a  great  part. 

It  llowly  attracts  moifture  from  the  air, 
efpecially  when  it  is  not  intirely  faturated 
with  cretaceous  acid. 

The  earths  have  no  more  adlion  on  this 
than  on  other  ammoniacal  falts :  magnefia 
decompofes  it  very  weakly  ^  lime  decom- 
pofes  it  by  feizing  its  acid,  with  which  it 
has  a  ftrong  affinity.  If  lime-water  be  poured 
into  a  folution  of  cretaceous  lal  ammoniac, 
a  precipitate  is  immediately  formed,  and  a 
ftrong  fmell  of  volatile  alkali  is  perceived. 
The  lime  feizes  the  cretaceous  acid,  and 
forms  chalk,  which  falls  down,  and  the  vo- 
latile alkali  is  difengaged  :  quick-lime  being 
triturated  with  cretaceous  fal  ammoniac,  al- 
kaline gas  is  immediately  difengaged.  If 
this  mixture  be  put  into  a  retort,  the  cauftic 
or  fluor  volatile  alkali  is  obtained,  in  the 
fame  manner  as  from  common  fal  ammo- 
niac, by  the  fame  intermedium;  the  appa- 
ratus of  Woulfe  being  ufed.  This  fad: 
proves,  that  lime  has  a  ftronger  affinity 
than  the  volatile  alkali  with  the  cretaceous 
acid  :  and  other  fadts  prove  the  fame  thing 
with  regard  to  other  acids. 

Cauftic 
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Cauftic  fixed  alkali  decompofes  cretaceous 
ammoniac  in  the  fame  manner  as  lime,  bv 
leparating  the  volatile  alkali,  and  uniting 
with  its  bafe, 

Laflly,  the  vitriolic,  nitrous,  marine,  and 
fparry  acids,    have  a  ftronger  aiiinity  than 
the    cretaceous  acid    to  the  volatile   alkali : 
when  one  of  thefe  acids   is  poured  on  the 
cretaceous  ammoniacal  fait,   a  ftrong  effer- 
vefcence  arifes   from   the  difengagement  of 
the  cretaceous  acid.     If  this  decompofition 
be  made  in  a  tall  flender  vefTel,  the  pre- 
fence  of  the  cretaceous  acid  may  be  obferved 
by  the  extincftion   of  a  lighted  candle,    the 
reddening  of  the    tin<3:ure  of  turnfole,    or 
the  precipitation    of   lime-water   immerfed 
in  a  fmall  cup  below  its  orifice.     Thefe  de- 
compofitions  of  the  cretaceous  ammoniacal 
fait  by  lime  and  fixed  alkalis,  which   feize 
its  acid  and  feparate  the  volatile  alkali,   and 
by  acids  which  feize  the  alkali  and   difen- 
gage  the   cretaceous  acid,  clearly  fhew   the 
nature  of  this  fait.     Bergman  has  found,  by 
accurate  experiments,    that  a   centenary   of 
this  fait  contains  forty-three  parts  of  alka- 
line gas,  forty-five  parts  of  cretaceous  acid, 
and  twelve  of  water.     From  the  confidera- 
tion  that  this  fait  contains  a  larger  propor- 
tion of  acid  than  cretaceous  foda,  and  this 
lafi:  a  larger  quantity  than  cretaceous  tartar,  he 
concluded,  that  the  weaker  the  alkaline  bafe, 
the  more  acid  will  be  required  for  its  fatu- 
ration.     The  acid  of  borax,  or  fedative  fait, 
K  4  does 
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does  not  decompofe  ammonlacal  chalk  in  the 
cold  ;  but  when  the  latter  is  poured  on  a  hot 
folution  of  fedative  fait,  a  very  fenfible  ef- 
fervefcence  is  produced,  and  the  difengage- 
ment  of  cretaceous  acid  is  fliewn  by  the 
ufual  methods ;  ammoniacal  borax  being 
alfo  found  at  the  bottom  of  the  veifel.  This 
experiment,  which  I  have  frequently  repeat- 
ed, proves,  that  heat  modifies  or  changes 
the  laws  of  affinity,  or  elective  attraction, 
as  Bergman  has  obferved. 

Cretaceous  fal  ammoniac  does  not  a6l  oa 
the  perfed:  neutral  falts.  We  fhall  fee  that 
it  decompoles  neutral  calcareous  falts,  by  the 
way  of  double  affinity,  which  the  pure  and 
cauftic  volatile  alkali  cannot  effed:.  The 
valuable  difcoveries  of  Black  explain  why 
chemifts  were  miftaken  in  affirming,  that  the 
volatile  alkali  has  a  ftronger  affinity  than 
calcareous  earths  with  acids. 

Cretaceous  ammoniacal  fait  is  employed 
in  medicine  as  a  fudorific,  anti-hyfteric,  6cc. 
It  is  mixed  with  certain  aromatic  matters. 
It  has  been  confidered  as  a  fpecific  againft 
the  bite  of  vipers,  but  the  Abbe  Fontana 
with  great  reafon  combats  this  opinion. 
Many  have  advifed  the  ufe  of  the  cretaceous, 
or  concrete  volatile  alkali,  as  a  remedy  in 
venereal  difordersj  experience,  however,  has 
not  yet  decided  on  this  head.  All  the  know- 
ledge the  art  of  medicine  pofTeiTes  with  re- 
gard  to   this   fait  is,    that   it  is  purgative, 

opening. 
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opening,  diuretic,  diaphoretic,  difcuffive, 
and  that  it  has  a  good  effcd:  in  fuch  diforders 
as  depend  on  the  deniity  of  the  lymph ; 
as  certain  venereal  cafes,  coagulations  of 
milk,  fcrophulous  diforders,  6cc.  It  is  ad- 
miniftered  in  dofes  of  a  few  grains,  in  a  pro- 
per vehicle,  or  compounded  with  opium. 


CHAPTER      VIL 
Genus  III.     Calcareous  Neutral  Salts. 

Species  I.    Vitriol  of  Lime,  Selenite, 
Gypsum. 

^npHE  combination  of  the  vitriolic  acid 
•^  with  lime  is  denominated  calcareous 
vitriol,  felenite,  plafter,  or  gypfum.  This 
fait  exifts  in  lar^e  quantities  in  nature;  it 
often  forms  immenfe  tracts,  or  beds,  as  may 
be  obferved  at  Montmartre,  near  Paris. 
The  mountains  of  this  diftrid:  are  intirely 
filled  with  beds  of  felenite,  or  plafter,  co- 
vered with  a  kind  of  argillaceous  marie, 
which  almoft  always  accompanies  it. 

Naturalifts  have  long  confidered  this  fait 
as  an  earthy  fubftance,  on  account  of  its 
want  of  tafte  and  folubility;    it   is  diftin- 

guiflied 
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guiflried  into  many  varieties,  on  account  of 
the  diveriity  of  its  forms  and  ftate  of  purity ; 
the  principal  are  here  enumerated. 

1.  Selenite  in  rhomboidal  lamina. 

It  has  the  tranfparency  of  ice;  the  pieces 
met  with  in  coiledions  of  natural  hiftory  are 
irregular,  but  they  always  break  or  fplit  into 
rhomboidal  laminss.  The  felenite  of  St. 
Germain,  of  Lagny,  &c.  are  of  this  fort. 

2.  Cuneiform  felenite,  or  of  the  figure 
of  arrow-heads. 

It  confifts  of  two  fcalene  triangles,  joined 
in  the  middle,  each  being  compofed  of  tri- 
angular laminas,  according  to  the  obfervation 
of  De  la  Hire.  It  is  called  lapis  fpecularis, 
or  talc  of  Montmartre. 

g.   Selenite  in  decahedral  rhomboids. 

The  quarries  of  Pafly  afford  this  fort. 

4.   Selenite,  in  decahedral  prifms. 

It  is  formed  of  hexahedral  prifms,  termir 
nated  by  dihedral  pyramids,  or  by  a  concave 
ano-le;  it  is  found  in  Switzerland,  &c. 

c.  Selenite  in  cock's  combs  from  Mont- 
martre. 

It  confiflsof  a  colledlion  of  fmall  lenticular 
cryflals,  placed  obliquely  befide  each  other, 
and  is  formed  by  the  union  of  the  cryflals 
decribed  No.  2. 

6.  Silky,  or  flriated  felenite;  filky  gypfum 
of  China. 

It  is  found  in  Franche-Comte,  Angou^ 
mois,  &;c.     It  is  formed   by  the  union  of 
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flender  prifms,  which  are  moft  commonly 
brilliant,  and  of  the  appearance  of  fatin. 
It  is  very  difficult  to  obferve  the  rhomboidal 
Jaminas,  which  are  found  in  all  the  other  va- 
rieties. 

7.  Common  gypfum,  or  plafter  ftcne. 

This  fubftance  is  white,  more  or  lefs  in- 
clining to  grey,  interfperfed  with  fmall  bril- 
liant cryftals,  eafily  cut  with  a  knife.  It  is 
found  difpofed  in  ftrata,  and  forms  moft  of 
the  mountains  in  the.vicinity  of  Paris.  We 
fhall  hereafter  find,  that  it  is  not  pure  fe- 
lenite,  but  owes  its  moft  valuable  property, 
as  plafter,  to  the  admixture  of  another  kind 
of  earth. 

8.  Gypfeous  alabafter. 

This  is  a  kind  of  plafter  ftone,  harder  and 
more  ancient  than  the  foregoing,  from  which 
it  differs  only  in  being  femi-tranfparent,  of  a 
yellowifti  grey,  and  in  its  laminated  form  or 
ftrudture  apparently  confifting  of  fmall  plates. 
It  is  found  in  great  plenty  at  Lagny,  near 
Paris.  This  is  one  of  the  vvhiteft  kinds;  but 
it  has  fometimes  yellow,  grey,  violet,  or 
black  fpots  or  veins. 

9.  Selenite,  common  gypfum,  or  gypfeous 
alabafter,  varioufly  coloured,  veined,  fpot- 
ted,  clouded,  or  pundluated. 

This  mixture  of  colour  fliews,  that  the 
felenite  is  contaminated  by  fome  foreign  fub- 
ftance.  The  colours  are  almoft  always  oc- 
cafioned  by  iron. 

Selenite 
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Selenite  Is  likewife  found  dilTolved  in  wa- 
ters, as  in  the  well-waters  of  Paris ;  it  is 
never  pure,  but  is  always  combined  with 
fome  other  earthy  fait,  with  bafe  of  lime  or 
magnefia. 

We  have  already  obferved  that  felenite  has 
long  been  taken  for  an  earthy  fubftance  by 
naturalifts,  on  account  of  its  poiTeffing  no 
apparent  degree  of  tafte  or  folubility  ;  it  has 
neverthelefs  a  peculiar  tafte,  which  it  com- 
municates to  water,  and  which  is  very  fen- 
lible  on  the  flomach.  Selenitical  waters  oc- 
cafion  a  very  evident  fenfation  of  cold  and 
weight  in  the  bowels.  The  folubiiity,  form, 
tranfparency,  quantity,  and  efpecially  the 
difpofition  in  beds  or  ftrata  of  cryftallized 
felenite,  more  efpecially  in  the  environs  of 
Paris,  fufficiently  fhew,  that  it  has  been 
originally  diffolved  in  water,  and  afterwards 
depofited  by  that  fluid. 

Selenite,  expofed  to  the  adlion  of  heat, 
lofes  its  water  of  cryftallization,  and  decre- 
pitates if  the  heat  be  fuddenly  applied;  it  is 
then  of  an  opaque  white,  and  friable,  in 
which  ftate  it  is  called  fine  plafl:er,  or  plaf- 
ter  of  Paris,  and  is  capable  of  affuming  a  cer- 
tain confiftence  with  water.  Very  white 
and  beautiful  ftatues  of  this  fubftance  are 
caft  in  moulds  ;  but  the  plafter  quickly  be- 
coming dry,  and  retaining  but  a  fmall  pro- 
portion of  water,  they  are  very  eafily  broken. 
If    the   heat   be  confiderably   raifed,    when 
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the  felenite  has  taken  the  form  of  a  white 
powder,  it  fufes  into  a  kind  of  glafs ; 
but  this  effed  is  not  produced  but  by  a 
very  ftrong  degree  of  heat,  fuch  as  is  pro- 
duced in  the  porcelain  furnaces,  or  in  the 
focus  of  burning  lenfes.  MefTrs.  D'Arcet 
and  Macquer  fucceeded  in  fufing  felenite; 
the  latter  obferved,  that  when  the  cuneiform 
felenite  is  expofed  to  the  focus  of  a  burning 
mirror,  fo  that  the  light  may  fall  on  its  po- 
lifhed  furfaces,  it  only  becomes  white  :  but 
if  the  edges  be  prefented,  it  immediately 
melts  and  boils  up.  It  may  likewife  be 
melted  by  the  blow-pipe,  and  by  a  ftream 
of  vital  air  thrown  on  burning  charcoal. 

Selenite  placed  on  a  hot  iron  becomes 
phofphoric,  a  property  which  is  common  to 
all  calcareous  falts,  and  is  likewife  exhibited 
by  lime  during  its  extinction,  as  we  have  al- 
ready remarked. 

Selenite  fuffers  no  obvious  alteration  by 
contad:  of  air  ;  neverthelefs,  the  polifhed  and 
brilliant  lamins  of  this  earthy  neutral  fait 
become  tarnifhed  with  the  colours  of  the 
rainbow,  fplit  or  fcale  off,  and  are  at  length 
deftroyed  by  the  atmofphere  ;  but  thefe  phe- 
nomena arife  from  the  united  ad::on  of  heat, 
water,  and  air. 

Selenite  is  foluble  in  water,  though  in  a 
degree  fcarcely  fenfible,  according  to  the 
chemifts  of  Dijon.  About  five  hundred 
parts  of  water  are  required  to  diffolve  one 
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of  felenite.  Hot  water  does  not  diffolve  a 
greater  quantity.  When  this  folution  is  eva- 
porated, cryftals  are  obtained,  not  iimilar  to 
thofe  found  in  nature,  but  in  the  form  of 
fmall  plates  or  needles,  which  are  precipi- 
tated in  proportion  as  the  liquor  evaporates. 
The  laminae  afforded  by  the  evaporation  of 
felenitical  water  are  often  brilliant,  and,  when 
minutely  examined,  are  found  to  coniift  of 
very  fmall  needles  united  lengthways. 

Ponderous  earth  has  more  affinity  than 
lime  to  the  vitriolic  acid,  and  decompofes 
felenite,  according  to  the  dbfervation  of 
Bergman. 

Fixed  alkali  likewife  decompofes  this  neu- 
tral fait :  when  cauftic  fixed  alkali  is  poured 
into  a  folution  of  felenite,  a  white  precipi- 
tate, apparently  mucilaginous,  falls  to  the 
bottom  in  flakes,  which  is  found  by  experi- 
ment to  be  quick  lime. 

If  the  fupernatant  liquor  be  evaporated, 
vitriolated  tartar,  or  Glauber's  fait,  according 
to  the  nature  of  the  alkali  made  ufe  of,  is 
obtained. 

The  volatile  alkali,  which  has  lefs  affinity 
than  lime  with  every  acid,  does  not  decom- 
pofe  felenite;  and  no  change  takes  place,  if 
the  latter  be  very  pure,  and  the  alkali  per- 
fedlly  cauftic.  But  if  the  water  in  which 
the  felenite  is  dilfolved  contains  any  fait  with 
bafe  of  magnefia,  or  clay,  as  the  well  water 
of  Paris  does,  the  volatile  alkali  will  occafion 
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a  precipitate.  To  fucceed  in  the  former  ex- 
periment, calcareous  fpar  muft  be  diiTolved 
in  the  pure  vitriolic  acid,  and  the  felenite 
diiTolved  in  diflilled  water;  volatile  alkali 
poured  on  this  folution,  or  which  is  ftill 
better,  the  alkaline  gas,  occafions  no  preci- 
pitate. 

Selenite  has  no  adlion  on  the  perfed:  vitri- 
olic falts;  but  it  decompofes  nitrous  and  ma- 
rine falts  with  bafe  of  fixed  alkali.  Vitrio- 
lated  tartar,  or  Glauber's  fait  ^  and  nitre  or 
marine  calcareous  fait  are  obtained.  Thefe 
decompofitions  are  not  fenfible,  till,  the  li- 
quids in  which  they  are  made  are  evaporat- 
ed, becaufe  the  new  falts  remain  diliblved. 
Cretaceous  tartar  and  felenite  mutually  de- 
compofe  each  other;  the  vitriolic  acid  quit- 
ting the  lime  to  unite  with  the  fixed  alkali, 
and  forming  vitriolated  tartar,  while  the  cre- 
taceous unites  with  the  lime,  and  forms  the 
fait  known  by  the  name  of  chalk. 

Cretaceous  foda  is  decompofed  in  the  fame 
manner  by  this  fait,  Glauber's  fait  being 
formed  by  the  union  of  the  vitriolic  acid 
with  the  mineral  fixed  alkali ;  at  the  fame 
time  that  chalk  is  produced  by  the  combi- 
nation of  the  lime  with  the  cretaceous  acid. 

The  cretaceous  ammoniacal  fait  likewife 
decompofes  felenite  by  double  affinity;  while 
the  vitriolic  acid  feizes  the  volatile  alkali, 
the  lime  combines  with  the  cretaceous  acid, 
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to  which  it  has  a  ftrong  affinity,  and  forms 
chalk. 

This  decompofition,  whofe  caufe  is  fo 
well  known  fince  the  difcoveries  of  the  cele- 
brated Dr.  Black,  is  fo  evident,  that  if  a 
mixture  of  the  folution  of  felenite  with  cauf- 
tic  vegetable  alkali  be  left  for  fome  time  ex- 
pofed  to  the  air,  it  lofes  its  original  tranf- 
parency,  and  becomes  remarkably  clouded  at 
its  furface,  by  reafon  of  the  cretaceous  acid 
precipitated  from  the  atmofphere,  which 
caufes  a  double  affinity  to  take  place;  and 
the  fame  phenomenon  is  produced  by  paffing 
a  few  bubbles  of  cretaceous  acid  through  the 
liquor.  As  the  concrete  volatile  alkali,  or  cre- 
taceous acid  was  formerly  thought  to  be.  the 
pure  volatile  alkali,  Geoffi'oy,  from  the  pre- 
cipitation of  felenite  by  this  fait,  concluded 
that  the  affinity  of  volatile  alkali  is  greater 
than  that  of  lime  to  the  vitriolic  acid. 

Selenite  is  decompofed  by  combuftible 
matters,  and  forms  fulphur  by  the  combi- 
nation of  the  phlogifton  of  thele  fubftances 
with  the  vitriolic  acid  according  to  Stahl;  or 
by  the  decompofition  of  the  acid,  and  the  fe- 
paration  of  its  vital  air,  by  the  charcoal, 
according  to  Mr.  Lavoificr,  or  by  both  thefe 
effeds  united,  according  to  the  doftrine  of 
feveral  modern  chemifts. 

Pure  felenite  in  a  cryftalline  form,  is  care- 
fully preferved  in  cabinets  of  natural  hif- 
tory.     When  calcined,  it  is  ufed  to  caft  fla- 
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tues,  models,  &c.  Several  elegant  pieces 
of  ornamental  furniture  are  made  of  the  gyp- 
feous  alabafter,  cut  and  polifhed.  The  fine 
fpecimens  of  Lagny  are  employed  for  this 
purpofe. 

Plafter-ftone  is  one  of  the  moft  ufeful  ar- 
ticles produced  in  the  mineral  kingdom.  It 
confifts  of  a  mixture  of  felenite  and  chalk  ; 
when  it  is  expofeJ  to  the  a.dion  of  heat,  the 
felenite  lofes  it  water  of  cryftallization,  and 
the  chalk  its  acid  :  burned  plafter  is  there- 
fore a  mixture  of  lime  and  felenite  depriv- 
ed of  water  ;  confequently,  when  water  is 
poured  on  this  fubftance,  it  is  very  rapidly 
abforbed  by  the  lime,  and  heat  is  produced. 
The  fmell  of  liver  of  fulphur,  which  attends 
the  extinction  of  plafler,  arifes  frorri  a  fmall 
quantity  of  fulphur  formed  by  the  vitrio- 
lic acid  of  the  felenite,  which  is  decompof- 
ed  by  the  carbonaceous  animal  or  vegetable 
fubftances  cafually  exifting  in  the  plafler- 
ftone  ;  the  fulphur  diffolved  by  the  lime 
forms  a  kind  of  liver  of  fulphur  from  which 
the  fmell  proceeds.  When  the  lime  has  ab- 
forbed a  fufKcient  quantity  of  water  to  form  a 
pafte,  the  felenite  feizes  a  portion  of  the  fluid, 
and  the  whole  mafs  cryflallizes  fuddenly,  and 
at  the  fame  time  becomes  folid.  The  lime  gra- 
dually dries,  and  together  with  the  cryftals  of 
felenite  forms  the  kind  of  mortar  called  plaf- 
ter. From  this  theory  it  is  feen,  why  plaf- 
ter ought  not  to  be  burned  beyond  a  certain 
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point.  If  it  be  fhort  of  this,  the  lime  will 
not  be  fufticiently  deprived  of  cretaceous  acid 
to  unite  well  with  water ;  if  it  ex*ceed,  the 
lime,  together  with  the  felenite,  forms  a  kind 
of  vitreous  frit,  incapable  of  uniting  with 
water. 

We  may  likevv^ife  obferve  that  plafter,  by 
long  expofure  to  air,  lofes  its  goodnefs  by 
the  lime  becoming  flaked,  and  that  its  ori- 
ginal properties  may  be  reftored  by  a  fecond 
calcination.  Laftly,  we  may  with  equal  fa- 
cility account  for  the  preservation  of  this 
fubftance  in  dry  and  warm  fituations,  and  its 
deftruftion  or  fcaling  oiFin  moift  places.  In 
the  latter  cafe,  the  felenite  being  foluble  in 
water  lofes  by  degrees  its  cryftalline  form 
and  confiftence ;  and  this  folubility  confti- 
tutes  the  chief  difference  between  plafter  and 
mortar ;  the  fand  in  this  laft,  which  gives 
folidity,  not  being  attacked  by  water.  Plaf- 
ter is  not,  on  this  account,  ufed  in  humid 
or  moift  places,  or  in  any  works  near  or  un- 
der water,  as  refervoirs,  &c. 

Species  II.     Calcareous  Nitre, 

Calcareous  nitre,  or  the  fait  produced  by 
the  combination  of  the  nitrous  acid  with 
lime,  is  much  lefs  abundant  than  calcareous 
vitriol  or  felenite.  It  is  only  found  in  fuch 
places  as  afford  the  nitre  with  bafe  of  alkali. 
It  is  formed  on  the  fides  of  walls  in  places 
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habited  by  animals,  in  putrificd  animal  mat- 
ters, and  in  certain  mineral  waters  ;  but  as  it 
is  very  foluble  in  water,  and  even  deliquefcent, 
it  is  diffolved  even  almoft  as  foon  as  form- 
ed. The  fame  property  is  the  caufe  why  it 
is  retained  in  large  quantities  in  the  mother- 
water  of  the  faltpetre-makers. 

When  regularly  cryftallized,  it  has  the 
form  of  a  fix-fided  prifm,  confiderably  re- 
fembling  nitre,  and  terminated  by  dihedral 
pyramids.  It  is  not  often  obtained  in  this 
regular  form,  but  is  moft  commonly  in  that 
of  fmall  needles  adhering  together,  whofe 
form  cannot  be  determined. 

This  fait  has  a  bitter  and  difagreeable  tafte, 
in  which  refpedt  it  differs  greatly  from  cal- 
careous vitriol ;  its  tafte  is  rather  cool,  like 
common  nitre. 

It  eafily  melts  by  heat,  and  becomes  folid 
on  coolings  if  it  be  carried  into  the  dark 
after  being  thus  heated,  it  appears  luminous, 
and  in  this  ftate  conftitutes  the  phofphorus 
of  Baldwin ;  it  exhibits  the  fame  phenome- 
non when  laid  on  a  hot  iron.  On  ignited 
coals  it  melts  and  detonates  feebly,  in  pro- 
portion as  it  becomes. dry.  Calcareous  nitre 
kept  hot  for  a  long  time  lofes  its  acid,  which 
is  decompofed.  When  this  operation  is  per- 
formed in  a  retort,  whofe  neck  is  plunged 
under  an  inverted  veffel  filled  with  water,  a 
large  quantity  of  very  pure  dephlogifticated 
air  is  produced,  and  towards  the  end  a  fmall 
L  2  quantity 
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quantity  of  cretaceous  acid.  The  refidde  con- 
lifts  of  lime  united  to  a  certain  quantity  of 
phlogifticated  nitrous  acid,  if  the  fire  has  been 
not  continued  for  a  fufficient  time,  or  fuffici- 
ently  intenfe  ;  but  a  very  powerful  degree  of 
heat  will  at  laft  entirely  decompofe  the  nitrous 
acid,  and  leave  the  bafe  in  the  form  of  quick 
lime.  This  decompofition  is  abfolutely  fi- 
milar  to  that  which  happens  in  the  diftilla- 
tion  of  common  nitre,  and  has  been  ex- 
plained in  the  biftory  of  that  fait. 

Calcareous  nitre  quickly  attradls  the  moif- 
ture  of  the  air,  and  for  that  reafon  it  is  ne- 
ceflary  to  keep  the  cryftals  of  this  fait  in  well 
clofed  veilels,  which  muft  not  be  opened 
too  frequently. 

It  is  very  foluble  in  water;  two  parts  of 
cold,  or  lefs  than  one  part  of  boiling  water, 
being  fufficient  to  hold  it  in  folution.  To 
obtain  it  in  a  cryftalline  form,  its  folution 
muft  be  evaporated  nearly  to  the  confiftence 
of  fyrup,  and  expofed  in  a  cool  place.  The 
cryftals  formed  by  this  means  are  very  long 
prifms,  commonly  diverging  from  one  cen- 
tre. When  a  folution  of  calcareous  nitre,  lefs 
evaporated  than  the  foregoing,  is  expofed  to 
a  dry  and  hot  air,  prifms  are  formed  in  pro- 
cefs  of  time,  which  are  more  regular,  and  are 
fimilar  to  thofe  defcribed  at  the  beginning  of 
this  article. 

Sand  and  clay  decompofe  calcareous  nitre, 
and  feparate  the  acid* 

Ponderous 
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Ponderous  earth,  according  to  Bergman, 
decompofes  this  fait  as  it  does  felenite ;   but 
magnefia  produces  no  fenfible  alteration  in  it, 
Mr.  Morveau  has  oblerved  that  lime-water, 
poured  into  a  folution  of  calcareous  nitre,  oc- 
fions  a  precipitate.     He  attributes  it  to  the 
phlogifton  of  quick  lime,  and  he  thinks  that 
this  laft  has  a  llronger  affinity  with   the  ni- 
trous acid  than  the  lime  to  which  it  is  united 
has,    and  which  he  fuppofes  to  have   been 
already  robbed  of  its  phlogifton  by  the  acid. 
It  is  unfortunate  that  this  chemift  did  not 
examine  the  precipitate,  which  might   pro- 
bably have  afforded  fome  explanation  of  this 
Angular   experiment.     Mr.   Baume  had  be- 
fore obferved,  that  a  folution  of  calcareous 
fpar  in  the  nitrous  acid  is  precipitated   by 
lime-water  j   but  he  attributed  this  pheno- 
menon  to  a  fmall  quantity  of  argillaceous 
earth  contained  in  the  fpar.    It  is   likewife 
known  that  this  effecfl  may  be  produced  by 
the  magnefia,   which  often  accompanies  cal- 
careous fubftances. 

Fixed  alkalis  feize  the  acid  of  calcareous 
nitre,  and  precipitate  the  lime.  Very  pure 
cauftic  volatile  alkali  does  not  decompofe  this 
fait,  nor  any  other  with  a  calcareous  bafe. 

The- vitriolic  acid  difengages  the  nitrous 
acid  with  effervefcence,  which  may  be  ob- 
tained in  the  fame  manner  as  from  common 
nitre.  Spirit  of  vitriol  poured  on  a  folution 
of  calcareous  nitre  immediately  produces  a 
L  3  precipitate 
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precipitate  of  felenite,  and  the  nitrous  acid 
remains  difengaged  in  the  liquid.  The  adtion 
of  other  acids  on  this  fait  is  not  known. 

Calcareous  nitre  decompofes  the  alkaline 
vitriolic  neutral  falts  -,  felenite,  and  common 
or  rhomboidal  nitre  being  formed.  The  vi- 
triolic ammoniacal  fait  is  likewife  decom- 
pofed,  and  ammoniacal  nitre,  together  with 
felenite,  are  produced  :  the  latter,  which, 
being  fcarcely  foluble,  is  precipitated  at 
the  inftant  of  mixture,  leaves  no  doubt  with 
regard  to  the  nature  of  thefe  double  decom- 
pofitions. 

Cretaceous  tartar  and  calcareous  nitre  mu- 
tually decompofe  each  other,  nitre  remain- 
ing in  the  folution,  and  chalk  being  preci- 
pitated. 

Cretaceous  foda  and  calcareous  nitre  in 
the  fame  manner  afford  cubic  nitre  in  folu- 
tion, and  a  precipitate  of  chalk.* 

Selenite  does  not  produce  any  change  in 
calcareous  nitre ;  but  when  thefe  two  falts 
are  diffolved  in  the  fame  water,  they  may  be 
eafily  feparated ;  for  the  firft  being  very  fpa- 
ringly  foluble,  and  the  latter  eminently  fo, 
the  felenite  is  precipitated  by  evaporation, 
and  the  calcareous  nitre  does  not  cryftallize 

*  It  cannot  be  too  often  repeated,  that  thefe  double  de^, 
compofitions  take  place  in  confequence  of  the  ftrong  affi- 
nity between  lime  and  the  cretaceous  acid  ;  and  that  this 
affinity  fully  juftifies  the  denomination  of  cretaceous  acid 
given  to  fixed  air  by  Bucquet,     Note  of  the  Author. 

•      till 
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till  great  part  of  the  fluid  has  been  driven 
off,  and  the  refidue  fet  to  cool. 

Calcareous  nitre  is  not  applied  to  any  ufe  ; 
might  be  employed  in  medicine  as  a  very 
adlive  folvent,  and  fome  chemical  phyficians 
affirm,  that  its  application  has  been  attended 
with  fuccefs. 

Species  III.  Calcareous  Marine  Salt. 

The  calcareous  marine  fait  formed  by  the 
combination  of  the  marine  acid  and  lime,  is 
abundantly  found  in  all  places  that  abound 
with  marine  fait,  and  efpecially  in  the  waters 
of  the  fea;  where  it  produces  that  acrid  and 
bitter  tafte,  which  formerly  caufed  it  to  be 
fuppofed  to  contain  bitumen.  It  is  never 
pure  in  the  fea,  but  always  mixed  with  ma- 
rine fait  with  bafe  of  magnefia :  if  it  be  de- 
fired  in  a  ftate  of  great  purity,  marine  acid 
muft  be  diredly  combined  to  faturation 
with  lime.  It  has  been  improperly  called 
fixed  ammoniac,  becaufe  the  refidue  of  fal 
^rrimoniac  decompofed  by  lime  confifts  of 
this  fait. 

Calcareous  marine  fait,  in  its  dry  and  folid 
flate,  has  the  form  of  four-fided  prifms, 
ftriated  and  terminated  with  very  acute  pyra- 
mids. It  has  a  very  difagreeable  bitter  faline 
tafle.  When  expofed  to  the  adtion  of  a  mild 
heat  it  is  liquified  by  means  of  its  water  of 
cryflallization,  and  becomes  folid  again  when 
L  4  cold; 
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cold  ;  a  ilronp-er  heat  fcarcely  alters  it. 
Mr.  Baume  has  obferved,  that  it  does  not 
part  with  its  acid  :  it  becomes  luminous 
on  a  red  hot  fhovel,  for  which  reafon  it  is 
called  Romberg's  phofphorus. 

The  calcareous  marine  fait  which  remains 
in  the  retort  after  the  decompofition  of  fal 
ammoniac  by  lime,  and  is  called  fixed  fal 
ammoniac,  melts  into  a  Jcind  of  frit  of  a  light 
Hate  grey,  and  does  not  afford  marine  acid, 
though  the  heat  be  raifed  fo  as  even  to 
vitrify  the  furface  of  the  retort.  This  frit 
gives  fire  with  fteel,  and  when  rubbed  in  the 
dark  with  the  fteel,  it  gives  a  phofphoric 
light. 

It  muft  be  obferved,  that  this  faline  refi- 
due  commonly  contains  a  larger  portion  of 
lime  than  is  neceffary  for  the  complete  fatu- 
ration  of  the  marine  acid  ;  becaufe  more  lime 
is  ufually  employed  than  is  neceffary  to  de- 
compofe  the  marine  acid.  It^  is  doubtlefs 
from  this  fuperabundant  lime,  that  the  reli- 
due  acquires  the  property  of  affording  a  hard 
vitreous  frit ;  which  however  becomes  moift 
in  procefs  of  time  when  expofed  to  the  air. 
The  marine  calcareous  fait,  without  excefs 
of  lime,  never  becomes  fo  hard  by  the  adion 
of  fire  as  this  refidue,  neither  has  it  the  fame 
phofphoric  quality. 

Pure  calcareous  marine  fait  expofed  to  the 
air  attracts  humidity,  and  liquifies.     The 

cryftalline 
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cryftalline  form  cannot,  therefore,  be  pre- 
ferved,  but  in  well  clofed  vefTels. 

This  fait  is  very  foluble  in  water;  one  part 
and  a  half  of  cold,  or  lefs  than  an  equal  part 
of  hot  water  being  fufficient  to  dinblve  it. 
When  by  evaporation  the  liquid  is  brought 
nearly  to  the '  conliftence  of  fyrup,  and  af- 
terwards fuffered  to  cool  gradually,  prifma- 
tic  tetrahedral  cryilals  are  obtained  feveral 
inches  in  length,  difpofed  in  radii  iiTuing 
from  a  common  centre;  a  figure  which  we 
may  obferve  is  common  to  moft  calcareous 
falts.  If  the  liquor  be  too  far  evaporated,  or 
if  it  be  cooled  too  quickly,  the  filine  mafs 
is  irregularly  formed,  with  the  appearance 
of  needles  at  its  furface, 

A^folution  of  marine  calcareous  fait  eva- 
porated till  it  exhibits  forty- five  degrees  of 
Baurne's  aerometer,  and  expofed  in  a  bottle 
to  the  cold,  affords  very  regular  prifms,  fre- 
quently of  confiderable  magnitude. 

Ponderous  earth  decompofes  calcareous 
marine  fait,  by  its  greater  affinity  to  the  acid, 
according  to  the  experiment  of  Bergman. 
Lime  and  magnefia  do  not  change  it. 

Fixed  alkalis  precipitate  lime:  if  the  two 
fluids  be  concentrated,  the  lime  abforbs  the 
fmall  quantity  of  water  they  contain,  and  im- 
mediately forms  a  jelly,  which  foon  becomes 
folid.  This  experiment  has  been  called  mi- 
raculum  chemicum.     It  does  not,  however, 

fucceed 
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fucceed  well  but  with  cretaceous  alkalis ;  the 
pure  alkalis  precipitating  the  lime  in  too  di- 
vided a  ftate. 

Very  pure  volatile  alkali  does  not  decern- 
pofe  calcareous  marine  fait,  becaufe  its  affi- 
nity is  lefs  than  that  of  lime  to  the  marine 
acid.  This  order  of  affinity  is  likewife  proved 
from  the  complete  decompofition  offal  ammo- 
niac by  the  fame  falino-terreftrial  fubftances. 

The  vitriolic  and  nitrous  acids  difengage 
the  marine  acid  from  this  fait  with  effervef- 
cence,  and  the  acid  may  be  obtained  by  dif- 
tillation  in  the  fame  manner  as  from  com- 
mon fait.  When  the  nitrous  acid  is  ufed, 
aqua  regia  is  produced,  on  account  of  the 
volatility  of  both  acids. 

Calcareous  marine  fait  decompofes  vrtrio- 
lated  tartar  and  Glauber's  fait.  It  is  eafy  to 
afcertain  this  fadl,  by  mixing  folutions  of 
thefe  falts  together.  A  precipitate  is  im- 
mediately formed,  which  is  found  to  be 
felenite.  The  fluid  contains  either  febrifuge 
or  marine  fait,  which  may  be  obtained  by 
evaporation,  and  is  diftinguiffiable  by  the 
tafte. 

Cretaceous  tartar  and  cretaceous  foda  like- 
wife  deccmpofe  the  calcareous  marine  fait. 
In  thefe  mixtures  the  decompofitions  are 
made  by  double  affinity :  the  acid  of  the  ma- 
rine calcareous  fait  feizes  the  alkali,  and  forms 
febrifuge  or  comm.on  marine  lalt;  while  the 
cretaceous  acid  quits  the  alkali,  and  uniting 

with 
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With  the  lime,  forms  chalk.  When  the  cre- 
taceous alkalis  and  the  folution  of  calca- 
reous fait  are  very  ftrong,  this  admixture 
produces  a  folid  form,  or  miraculum  che- 
micum,  as  we  have  juft  obferved. 

Cretaceous  fal  ammoniac  decompofes  cal- 
careous marine  fait  by  double  affinity,  in  the 
fame  manner  as  has  been  ihewn  with  refped: 
to  felenite  and  calcareous  nitre.  The  vola- 
tile alkali  unites  with  the  marine  acid,  and 
forms  common  fal  ammoniac,  which  remains 
diffolved  in  the  liquor,  while  the  cretaceous 
acid  fgrms  a  precipitate  of  chalk  by  com- 
bining with  the  lime. 

When  the  calcareous  marine  filt  is  dif- 
folved in  water  together  with  calcareous  ni- 
tre, it  is  difficult  to  feparate  them;  becaufe 
the  law  of  cryftallization  is  the  fame  in  both  : 
but  if  felenite  exills  in  the  folution  inftead  of 
one  of  the  two  falts,  the  feparation  will  be 
eafily  made,  becaufe  this  laft  cryftallizes  by 
evaporation,  and  the  calcareous  fait  cryftal- 
lizes by  cooling :  as  thefe  falts  are  frequent- 
ly found  diffolved  in  the  fame  acid,  it  is  of 
confequence  to  attend  to  thefe  properties. 

Marine  calcareous  fait  is  of  no  ufe.  As  it 
exifts  in  confiderable  quantities  in  the  fel  de 
gabelle,  which  is  recommended  as  a  purge 
in  fcrophulous  diforders  y  it  may  be  fufpedt- 
ed,  that  a  part  of  its  properties  depend  on 
the  latter  fait.  We  think  it  neceflary  to 
add,  that  the  ftrong  tafte  and 'great  folubility 

of 
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of  calcareous  marine  fait,  promife  very  ufe- 
ful  eifeds  in  diforders  where  a  folvent  is 
wanting.  Mr.  Chambon  has  employed  it 
with  fuccefs,  and  recommends  it,  in  his 
Treatife  on  the  Diforders  of  Women,  to  dif- 
cufs  milky  tumours.  It  is  much  to  he  wifhed 
that  phyficians  were  acquainted  with  the 
properties,  and  availed  themfeives  of  the  ufe, 
of  this  fait,  in  thofe  numerous  cafes  where 
the  ufual  folvents  are  frequently  ineffectual, 
and  more  efpecially  in  thofe  cafes  wherein 
mercurial  remedies  cannot  be  ufed. 

Species  IV.     Calcareous  Borax. 

The  combination  of  the  fedative  acid  with 
lime  may  be  diftinguiihed  by  this  appel- 
lation. This  fait  has  not  been  examin-. 
ed,  though  it  is  certain  that  the  fedative 
acid  is  capable  of  uniting  with  lime,  becaufe 
the  latter  decompofes  borax,  as  we  have  ob^ 
ferved.  The  chemifts  of  the  academy  of 
Dijon  have  obferved,  that  fedative  fait,  heated 
with  flaked  lime,  afforded  a  fubftance  whofe 
parts  adhered  weakly  to  each  other,  and  not  at 
all  to  the  crucible.  This  matter  when  thrown 
into  water,  did  not  exhibit  the  fame  pheno- 
mena as  lime;  which  (hews  that  a  true  com- 
bination took  place.  Mr.  Baume  affirms,  that 
having  faturated  lime-rwater  with  fedative 
fait,  and  expofed  the  folution  to  fpontaneous 
evaporation,  no  cryflals  were  obtained,  but 

yellowifh 
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yellowifh  pellicles,  having  a  flight  tafle  of 
fedative  fait.  Laftly,  the  academicians  of 
Dijon  digefted  on  a  fand  bath,  a  faturated  fo- 
lution  of  fedative  fait  with  flaked  lime.  The 
filtrated  liquid  aflforded  a  plentiful  white 
precipitate,  on  the  addition  of  fixed  alkali. 
Thefe  experiments,  indeed,  prove  that  lime 
is  foluble  in  the  acid  of  borax,  but  they 
fhew  nothing  concerning  the  properties  of 
the  neutral  fait  refulting  from  their  com- 
bination. 

Species    V.       Fluor     Spar,     Vitreous 
Spar,  or  Sparry  Fluor. 

This  fpecies  of  fait  is  a  combination  of 
the  fparry  acid  with  lime,  and  abounds  in 
nature  3  it  is  more  efpecially  found  in  the 
neighbourhood  of  mines,  whofe  exifl:ence 
it  indicates.  It  has  been  hitherto  re- 
garded as  a  fl:ony  matter,  from  its  infipi- 
dity,  hardnefs,  and  infolubility.  It  is 
called  fpar,  becaufe  it  has  the  fparry  form 
and  frafture;  fluor,  becaufe  it  melts  very 
readily,  and  is  fuccefsfully  employed  in  mi- 
neral operations ;  and  vitreous,  becaufe  it  has 
the  appearance  of  glafs,  and  may  be  fufed 
into  glafs  of  no  contemptible  appearance. 
Before  the  difcovery  of  Mr.  Scheele,  the 
vitreous  fpar,  though  well  diflinguiflied  from 
all  other  mineral  matters  by  workmen,  on 
account  of  its  fufibility,  was  confounded  by 

naturalifts 
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naturalifts,  either  with  gypfums,  calcareous 
fpars,  or  ponderous  fpars,  which  have  like- 
wiib  been  called  fufible.  The  celebrated 
Margraf  neverthelefs  diftinguiflied  this  fait 
from  the  ponderous  fpar,  by  adopting  the 
name  of  fufible  vitreous  fpar  for  the  firft, 
and  fufible  phofphoric  fpar  for  the  fecond. 
It  is  to  this  chemift  that  we  are  indebted  for 
the  firft  difcoveries  relating  to  the  properties 
of  vitreous  fpar. 

This  fait  is  commonly  cryftallized  in 
cubes,  of  various  colours,  very  regular,  of 
an  icy  or  vitreous  tranfparency ;  its  fradture 
is  fparry  and  it  is  eafily  broken.  It  often 
ferves  as  the  matrix  or  bed  of  ores.  It  is 
fometimes  found  in  irregular  opake  mafles ; 
its  weight  is  more  confiderable  than  that  of 
any  faline  matters  we  have  yet  fpoken  of  ^  it 
is  often  clouded,  veined,  fpotted,  and  fre- 
quently tinged  throughout  with  green,  vio- 
let, red,  role  colour,  &c.  Ten  principal  va- 
rieties of  this  fubftance  may  be  diftin- 
guifhed. 

VARIETIES. 

1.  Cubic  vitreous  fpar,    tranfparent  and 
colourlefs. 

2.  Cubic  vitreous  fpar,  opake  white. 

3.  Cubic    vitreous    fpar,    yellow:    falfe 
topaz. 

4.  Cubic   vitreous  fpar,    rcddifli :    falfe 
ruby. 

5.  Cubic 
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5.  Cubic  vitreous  fpar,  pale  green  :  falfe 
aqua-marine. 

6.  Cubic  vitreous  fpar,  green  :  falfe  eme- 
rald. 

7.  Cubic  vitreous  fpar,  violet :  falfe  ame- 
thyft. 

8.  Oftahedral  vitreous  fpar,  w^ith  trun- 
cated pyramids. 

I  am  in  poiTeffion  of  a  cryftal  of  this 
kind,  which  is  femi-tranfparent,  and  rather 
blackifh. 

9.  Vitreous  fpar,  in  irregular  mafles. 

It  is  almoft  always  of  a  clear  green  or 
violet.  It  forms  the  gangue  of  feveral 
ores, 

10.  Vitreous  fpar,  in  layers  of  different 
thicknefs,  and  of  various  colours. 

Thefe  different,  varieties  of  vitreous  fpar, 
confiil,  for  the  mofl  part,  of  one  and  the 
fame  faline  fubftance;  that  is  to  fay,  the 
combination  of  the  fparry  acid  with  lime  : 
the  natural  fpecimens,  however,  are  ufually 
found  by  analyfis  to  contain  feveral  foreign 
matters,  as  quartz,  clay,  and  iron,  as  almoft 
all  natural  products  do.  England  abounds  in 
vitreous  fpar. 

Vitreous  fpar,  expofed  to  a  gentle  heat, 
emits  a  very  evident  phofphoric  light ;  but 
if  it  be  heated  to  rednefs,  it  intirely  lofes  this 
property,  and  if  the  fpar  be  of  a  green  co- 
lour, it  becomes  white  and  friable :  when  fud- 

denly 
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denly  heated,  it  decrepitates  almofl:  as  ftrong* 
ly  as  marine  fait.  When  powder  of  vitre- 
ous fpar  is  thrown  on  a  hot  iron,  a  blueifli 
of  violet  light  is  perceived,  which  quickly 
vaniflies,  and  cannot  be  produced  again  by 
the  fame  fpar. 

A  ftrong  heat  fufes  vitreous  fpar  into  an 
uniform  tranfparent  glafs,  adhering  to  the 
crucible.  Vitreous  fpar  fufes  the  one  fourth 
of  its  weight  of  quartz,  and  is  for  that  reafon 
employed  as  a  flux  in  fmelting. 

Fluor  fpar  is  not  altered  in  the  air,  nor 
foluble  in  water.  Pure  fixed  alkalis  do  not 
decompofe  it,  becaufe,  according  to  Berg- 
man, lime  has  a  ftronger  affinity  than  thofe 
falts  to  its  acid. 

Oil  of  vitriol  difengages  the  fparry  acid, 
and  is  commonly  the  medium  ufed  for  that 
purpofe.  One  part  of  vitreous  fpar,  in  powder, 
is  put  into  a  retort,  with  three  parts  of  oil  of 
vitriol ;  the  mixture  gradually  becomes  hot; 
an  effervefcence  takes  place ;  and  vapours  of 
fparry  acid  are  difengaged.  This  diflillation 
commences  without  the  external  application 
of  heat  j  and  a  white  fubftance,  refembling 
an  efflorefcence,  fublimes  into  the  receiver. 
Heat  being  then  applied,  the  concentrated 
fparry  acid  comes  over,  covered  with  a  thick 
earthy  pellicle,  limilar  to  the  white  effloref- 
cence we  have  mentioned ;  while  the  acid 
falls  drop  by  drop  into  the  water  in  the  re- 
ceiver.    This  acid  may  be  obtained  in   the 

form 
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form  of  gas,  while  the  neck  of  the  retort  is 
plunged  beneath  an  inverted  vefTel  of  mercury. 
The  aeriform  acid  is  tranfparent,  and  does  not 
depofit  the  earth  to  which  it  is  united  to,  un- 
til it  is  brought   in  contadl  with  the  water. 
Hence  it  may  be  conceived,  why  the  liquid 
fparry  acid  depofits  ftony   incruftations    in 
the  receiver ;  for  it  cannot  hold  them  in  fo- 
lution  when   it  comes   in  contadl  with  the 
water.     We  have  before  obferved,  that   this 
earth,  which  is  of  a  quartzofe  nature,  is  taken 
up  by  the  corrofion  of  the  glafs  veiTel,  and 
is  not  produced  by  the  combination  of  the 
acid  with  water,  as  Scheele  originally  thought. 
When  the  dilrillation  is  finifhed,   the  refidue 
is  obferved   to   be  hard,  white,  or  reddifh, 
and  laminated,  and  the  retort  is  very  fenfi- 
bly   corroded.      This  obfervation    did    not 
efcape  Margraf.     When   the  nature  of  the 
refidue  is  examined  by  different  methods,  it 
is  found   to  confift  of  felenitc  mixed  with 
a  fmall  quantity  of  quartz,  frequently  clay, 
and  a  little  magnefia.     Thefe  two  laft   fub- 
flances,  as  well  as  iron,  feem  to  be  only  ac- 
cidental in  the  vitreous  fpar.     The  cruft  de- 
pofited  by  the  fparry  acid  is  neither  fufible  nor 
foluble  in  acids,  and  forms  a  white  and  du- 
rable glafs  with  fixed  alkalis .  Thefe  fads  fliew, 
that  it  is  of  a  quartzofe  nature,  and  alfo  that  it 
is  impoffible  to  diftill  a  large  quantity  of  this 
acid  at  once.     I  have  feveral  times  attempted 
to  decompofe  a  pound  of  vitreous  fpar,   but 
Vol.  II.  M  never 
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found  the  retort  capable  of  withftanding  the 
corrofive  acid. 

The  nitrous  acid  decompofes  fluor  fpar, 
but  with  very  different  phenomena  from  thofe 
which  attend  the  vitriolic  acid,  no  cruft  be- 
ing obferved  in  this  operation,  according  to 
Boulanger :  this  experiment  has  not  been 
repeated  and  examined. 

The  marine  likewife  feparates  the  fparry 
acid,  according  to  Scheele;  but  he  has  not 
defcribed  the  phenomena  v^^hich  attend  this 
decompcfition. 

The  adlion  of  moll  neutral  falts  on  vitre- 
ous fpar  is  not  known  ;  cretaceous  fixed  al- 
kalis decompofe  it  by  double  affinity,  which 
the  pure  alkalis  cannot  effed:.  One  part  of 
this  fpar  being  fufed  with  four  parts  of  cre- 
taceous tartar,  and  poured  hot  into  water,  a 
precipitate  of  chalk,  formed  by  the  creta- 
ceous acid  united  to  the  lime  of  the  fpar,  is 
obtained;  and  the  fluid  holds  in  folution 
fparry  tartar,  which  may  be  obtained,  by  eva- 
poration, in  the  form  of  a  jelly.  When  the 
experiment  is  repeated  with  cretaceous  foda, 
chalk  and  fparry  foda  are  in  like  manner  ob- 
tained. 

Vitreous,  or  fluor  fpar,  is  of  no  ufe,  ex- 
cepting in  fome  mineral  countries,  where 
it  is  ufed  as  a  very  good  flux.  It  might  be 
applied  to  the  fime  purpofe  in  aflTays. 

Species 
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Species  VI.    Chalk  j  CretAceous  Spar; 
Calcareous  Matters  in  general. 

Calcareous  fpar,  or  pure  chalk,  is  a  neu- 
tral fait,  formed  by  the  union  of  cretaceous 
acid  with  lime.  This  fubftance  has  been 
arranged  among  ftones  by  naturalifts,  be- 
caufe  they  did  not  perceive  that  it  has  any 
faline  properties.  We  {hall,  however,  find 
that  it  has  a  kind  of  tafte,  is  foluble  in  wa- 
ter, and  in  its  analyfis  affords  a  large  quan- 
tity of  cretaceous  acid,  and  the  falino-ter- 
reftrial  fubftance  already  defcribed  under  the 
name  of  lime.  As  calcareous  fpar  is  the 
laft  modification  of  a  fubftance  which  exifts 
in  a  great  variety  of  forms,  and  pafies  through 
many  ftates  before  it  is  regularly  cryftallized, 
it  is  neceffary  to  confider  calcareous  or  cre- 
taceous fubftances  in  general.* 

No  part  of  natural  hiftory  exhibits  a  more 
extended  field  for  the  imagination  to  trace, 

*  The  fubftances  ufually  called  calcareous  In  natural 
hiftory,  ought,  in  my  opinion,  to  be  c^led  cretaceous ; 
this  laft  term  denoting  the  faline  neutral  combination 
formed  by  the  union  of  lime  and  cretaceous  acid  ;  that  is 
to  fay,  chalk,  creta.  The  fecond  property  belongs  to  the 
lime,  calx,  which  forms  the  bafe  of  this  fait.  The  ex- 
preliion,  calcareous  earth,  or  calcareous  matter,  ought, 
therefore,  to  be  appropriated  to  quick-lime ;  and  the  term, 
cretaceous,  or  chalky  matter,  will  diftinguifti  the  combi- 
nation of  lime  with  the  acid  of  chalk.  Note  of  the 
Author. 

M  2  or 
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or  a  more  complete  feries  of  well-eftabliihed 
filers,  than  that  which  relates  to  calcareous 
bodies.  Long  continued  obfervation,  which 
has  in  no  inftance  failed,  together  with  the 
fad:s  which  fljew  the  fucceffive  operations  of 
nature  in  this  refped;,  have  proved,  that  the 
bed  of  the  ocean  is  the  great  laboratory  in. 
which  thefe  matters  are  continually  formed. 
Among  the  great  number  of  animals  which 
inhabit  thofe  immenfe  mafles  of  v^ater, 
there  are  feveral  clalles-  whofe  individuals, 
infinite  iii  number,  feem  deftined  to  add  to 
the  mafs  of  our  globe  :  fuch  are  the  ihell- 
fi(h,  madrepores,  and  lithopites,  whofe  fo- 
lid  parts,  examined  by  chemical  analyfis 
fome  time  after  they  have  ceafed  to  live,  ex- 
hibit all  the  charadlers  of  calcareous  fub- 
ftances.  It  is  the  bafe  of  this  kind  of  ma- 
rine Ikeletons,  which  produces,  by  their 
fucceffive  aggregation,  mountains  intirely 
formed  of  thefe  matters.  Though  the  cryf- 
tallization  of  calcareous  fpar  is  very  far  from 
refembling  the  natural  foft  ftate  of  thefe 
animals  when  living;  and  though  it  is  diffi- 
cult at  firft  tb  eftimate  the  aftoniffiing  diffe- 
rence betv/een  the  foft  and  pulpy  fubftance 
of  the  living  animal,  and  the  hardnefs  of 
the  ftony  fubflances  which  are  formed  in 
procefs  of  time,  and  calculated  to  give  foli- 
dity  to  the  largeft  edifices,  it  is  neverthelefs 
poffible  to  form  an  idea  of  the  gradations 
through  which  the  one  muft  pafs,  before  it 

aiTumes 
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affumes  the  ftate  and  properties  of  the  other. 
The  following  fketch  will  exhibit  thefe 
gradations,  from  the  time  of  the  aftion  of 
the  animal  organization,  to  that  of  the  re- 
gular depofition,  by  which  tranfparent  fpar 
is  flowly  formed. 

The  waters  in  the  fea,  librating according  to 
laws  yet  unknown  to  us,  are  infenfibly  aif- 
placed,  and  change  their  bed  ;  they  quit  one 
coaft,  which  gradually  encroaches  on  the  fea, 
while  they  advance  on  another,  whofe  extent  is 
dimini/hed  in  the  fame  proportion  :  this  fad 
is  proved  in  Buffoon's  learned  Theory  of  the 
Earth.  In  proportion  as  the  waters  quit  one 
part  of  their  bed,  they  leave  the  bottom  un- 
covered, on  which  their  various  motions,  fo 
well  defcribed  by  this  celebrated  waiter,  have 
form.ed  beds',  by  the  fucceffive  depofitions 
of  folid  matter,  or  the  iTceletons  of  marine 
animals.  Thefe  ftrata  are  almofl:  intirelv filled 
with  fhells,  whofe  animal  gluten  has  been 
deftroyed  by  putrefa(5tion,  and  which,  having 
loft  their  colour,  polifh,  and  confiftence,  are 
becorpe  friable  and  earthy,  and  have  paifed 
into  the  ftate  of  foffils.  Hence  the  produc- 
tion ef  earths  and  ftones  containing  fhells. 

Thefe  ftones,  by  the  adtion  of  the  rain 
waters,  gradually  lofe  the  organic  form, 
become  more  and  more  friable,  and  form  a 
fubftance  of  a  texture  fcarcely  confiftent, 
which  is  called  chalk.  When  a  ftone,  com- 
M  3  pofed 
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pofed  of  fliells,  has  acquired  fufficient  hard- 
nefs  to  be  capable  of  polifh,  and  when  the 
fhells  have  become  varioufly  coloured,  it 
then  conflitutes  the  lumachello.  If  the  traces 
of  organization  are  intirely  deftroyed,  and 
the  ftone  be  hard  and  fufceptible  of  polifh, 
it  is  diftingulfbed  by  the  name  of  marble. 
Water,  impregnated  with  chalk,  depofits  it 
on  fuch  bodies  as  it  paffes  over,  and  forms 
incruflations.  When  it  filters  through  the 
roofs  of  fubterraneous  cavities,  it  forms 
white  opake  depofitions,  compofed  of  con- 
centric layers,  whofe  figure  on  the  whole 
is  conical.  Thefe  ftaladites,  if  united  to- 
gether in  large  maffes,  and  perfe(5lly  filling 
up  the  caverns,  remain  a  long  time  in  the 
earth ;  they  acquire  confiderable  hardnefs, 
and  produce  alabafter.  Laftly,  when  water, 
holding  in  folution  chalk  in  the  moft  atte- 
nuated flate,  flowly  penetrates  into  the  ca-. 
vities  of  rocks,  it  will  depofit  this  fubflance, 
particle  by  particle,  as  it  were;  and  thefe 
fmall  bodies,  being  applied  to  each  other  by 
the  furfaces  beft  adapted  to  unite,  will  take 
a  fymetric  and  regular  arrangement,  and 
form  hard  tranfparent  cryflals,  fimilar  to 
thofe  of  faline  fubflances  :  thefe  are  calca- 
reous fpars.  This  flate  is  the  lafl,  or  mofl 
remote  from  its  animal  origin,  in  which 
chalk  is  found,  and  in  which  it  has  the 
greatefl  refemblance  to  a  true  fait. 

Thefe  various  and  numerous   tranfitions 

of 
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of  the  cretaceous  fubflance,  (the  confidera- 
tion  of  which  affords  the  greateft  inftruclion 
to  the  naturalift,  concerning  the  antiquity 
of  the  globe,  its  alterations,  and  the  extent 
of  the  animal  kingdom,  whofe  fubjeds  con- 
flltute  a  vaft  portion  of  its  furface  and  ex- 
ternal ftrata,)  prefent  only  to  the  eyes  of  the 
chemift  one  fingle  and  identical  neutral  fak, 
formed  of  lime  and  cretaceous  acid.  We 
fhall  proceed  to  confider  the  fubjed  in  both 
points  of  view. 

§  I.    The  natural    hiflory   of  calcareous 
fubftances.* 

Before  we  enter  into  a  particular  account 
of  calcareous  matters,  it  will  be  proper  to 
take  a  general  view  of  their  difpofition  in 
the  earth.  Thefe  fubftances  form  beds  of 
greater  or  lefs  extent,  horizontal  or  inclined, 
which  appear  manifeftly  to  have  been  form- 
ed by  the  adion  of  waters.  Thefe  beds 
compofe  whole  mountains,  hills,  &c.  and 
form  a  great  part  of  the  external  covering  of 
the  globe.  They  prove  that  the  waters  of 
the  fea  have  formerly  covered  the  earth, 
and  have  depofited  an  immenfe  quantity  of 

*  Though  we  have  already,  in  the  Hifrory  of  Earths 
and  Stones,  exhibited  the  methodical  divifions  of  calca- 
reous fubftances,  ufually  diftributed  in  this  clafs  by  natu- 
ralifts,  yet  we  think  it  proper,  in  this  feclion,  to  exhibit 
them  under  another  arrangement,  which  refers  to  con- 
fiderations  different  from  thofe  by  which  the  compilers  of 
Nomenclatures  in  general  are  guided.    Note  of  the  Author. 

M  4.  the 
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the  exuviae  of  their  inhabitants.  The  rain 
waters,  filtering  through  thefe  calcareous 
maffes,  carry  a  portion  along  with  them, 
which  they  diflribute  at  greater  depths,  in 
fubterraneous  cavities,  under  the  different 
forms  we  fhall  proceed  to  examine. 

Their  general  charadlers,  as  given  by  natu- 
ralifls,  are  highly  ufeful  to  diftinguifh  them, 
and  are  founded  on  two  remarkable  pro- 
perties :  their  not  giving  fire  with  fteel,  and 
their  effervefcence  with  acids.  As  it  is  evi- 
dent, from  what  has  been  already  faid,  that 
the  form  of  calcareous  matters  is  confiderably 
varied,  it  is  indifpenfably  neceffary  to  divide 
them  into  feveral  genera.     We  admit  fix.* 

Genus  I.      Earths    and  Stones    con-' 
TAiNiNG  Shells. 

Thefe  fubfl:ances  have  been  arranged  among 
ftones,  becaufe  they  have  no  apparent  degree 
of  tafte  or  folubility;  but  their  analyfis 
fhews  that  they  are  truly  faline,  as  well  as 
the  other  genera  which  follow. •f'    They  are 

known 

*  It  may  perhaps  be  thought  ftrange,  that  a  dlvifion  of 
genera  fhould  be  made  in  the  hiftory  of  one  fpecies  of  fait ; 
but  it  muft  be  oblerved,  that  thefe  genera  relate  only  to 
natural  hiftory,  and  that  in  fa6t  they  are  referable  to  the 
fpecies  of  neutral  fait,  whofe  chemical  properties  we  exa- 
mine.    Note  of  the  Author. 

f  Though  thefe  fubiliances  are  truly  faline,  yet  the 
names  of  earths   and  ftones,  which  they  have  received, 

ought 
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}cnown  by  the  organic  form  of  the  fhells 
they  contain;  thefe  are  often  intire,  fo  that 
the'  ftone  itfelf  is  merely  a  mafs  of  fliells : 
the  original  colours  partly  remain  in  fome 
fpecimens.  Among  the  animals  whofe  exu- 
viae exift  in  this  ftate,  feveral  are  obferved 
which  are  extiad:,  or  no  longer  found  living 
in  the  fea;  fuch  as  many  fpecies  of  cornua- 
ammonis,  and  nautili.  On  the  other  hand, 
foffil  fhells  are  found  in  France,  and  other 
parts  of  Europe,  the  living  individuals  of 
which  are  found  only  in  America.  Some 
naturalifts  have  made  very  extenfive  divifions 
of  foffil  fhells ;  but  as  they  refembie  thofe 
of  the  living  animals,  we  (hall  fpeak  of  them 
in  another  part  of  our  work. 

Many  other  animal  fubftances  are  likewife 
found  among  calcareous  earths.  When  thefe 
manifeftly  appear  to  have  belonged  to  known 
animals,  they  are  then  diftinguiilied  by  a 
name  relative  to  their  origin,  and  commonly 
formed  out  of  the  clafs  of  animals  to  which 
they  belong,  adding  another  name,  which 
denotes  their  ftony  nature ;  fuch  as  madre-* 
porites,  &c.     But  it  muft  be  obferved,  that 

ought  to  be  fcrupuloufly  preferved,  becaufe,  as  Air.  Dau- 
benton  obferves,  names  are  public  property,  which  it  is 
not  lawful  to  infringe.  If  the  learned  v/orld  haa  univer- 
fally  pofTeffed  the  difcretion  of  this  eminent  naturalift,  the 
iciences,  and  more  efpecially  natural  hiftory,  would  not 
have  intimidated  beginners,  as  is  fometimes  the  cafe,  by 
the  magnitude  of  the  nomenclature.     Note  of  the  Author. 

the 
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the  bones  of  men,  quadrupeds,  birds,  and 
fiflies,  which  are  dug  out  of  the  earth,  and 
are  known  by  the  name  of  foffils,  are  not 
of  a  calcareous  nature,  but  preferve  the  na- 
ture of  phofphoric  calcareous  fait :  fo  that 
the  ornitholithes,  theichthyolithes,  &c.  mufl 
not  be  arranged  among  cretaceous  fubilances. 

There  are  many  foffil  organic  fubftances, 
"whofe  origin  is  not  known ;  thefe  are  nam- 
ed from  their  form,  fuch  are  the  lapides  Ju- 
daici,  which  feme  think  are  the  fpiculae  of 
fea  hedge-hogs  ;  the  lapides  numifmales,  re- 
fembling  pieces  of  money,  and  which  appear 
to  be  fmall  cornua-ammonis  applied  upon 
each  other ;  foffil-bezoar,  a  kind  of  round  mafs 
or  concretion  in  concentric  layers  ;  the  lu- 
dus  Helmontii,  whofe  fpaces  feem  to  have 
been  formed  by  the  drying  and  fhrinking  of 
an  earthy  fubftance,  which  afterwards  be- 
came filled  with  calcareous  earth.  The  tro- 
chites,  entrochi,  and  aftroites,  ^  which  are 
produced  from  a  zoophite  named  fea-palm  ; 
the  pifolites,  oolites,  or  meconites,  which 
are  thought  to  be  petrified  fifhes  eggs  or  in- 
fefls,  but  whofe  true  origin  is  unknown. 

As  all  petrified  fubftances,  whatever  ani- 
mals they  may  have  belonged  to,  have  been 
referred  to  this  genus  of  ftones,  which  are 
truly  calcareous ;  natural  hiftory  likewife  enu- 
merates in  this  place  gammarolites,  cancrites, 
entomolites,  amphibiolites,  zoolites,  antro- 
polites  :  But  fince  the  new  difcoveries  con- 
cerning 
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cerning  the  nature  of  bones,  thefe  matters 
can  no  longer  be  referred  to  cretaceous  fub- 
fiances,  as  we  have  already  pointed  out.  The 
fame  obfervation  may  be  made  refped:ing  the 
gloffopetrae,  or  petrified  fharks  teeth,  ivory 
or  foffil  unicorn,  w^hich  is  produced  from 
elephants  teeth;  turquoife,  or  bones  co- 
loured green  and  blue  ;  toad-ftones  ;  grey 
or  yellow  and  hollow  ftones,  which,  accord- 
ing to  Mr.  Juffieu,  are  the  upper  parts  of  the 
grinders  of  the  Brazilian  fifh  called  Gron- 
deur  ;  and  the  ferpents  eyes,  which,  accord- 
ing to  that  naturalift,  are  the  inciiive  teeth 
of  the  fame  fifih. 

After  this  previous  explanation,  the  pre- 
fent  genus   may  be  reduced  to  two  fpecies, 
containing  every  poffible  variety. 
Species 

1.  Entire  fhells  or  foffils. 

Thefe  are  diftinguifhed  by  different  cir- 
cumftances  of  colour,  brilliancy,  hardnefs, 
&c.  In  this  fpecies  are  comprehended  ma- 
drepores, and  all  the  habitations  of  polypi 
in  the  foffil  ftate. 

2.  Falun,  or  cron. 

Shells  broken,  and  in  the  form  of  earth. 
The  foil  of  Tourain,  and  feveral  other  pro- 
vinces of  France  is  entirelv  of  this  nature. 
It  is  ufed  as  an  excellent  manure. 


Genus 
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penus  IL     Calcareous    Earths    anii 
Stones. 

They  are  formed  out  of  the  fubftances  of 
the  firft  genus  worn  down  and  depofited  by 
waters.  They  are  found  difpofed  in  beds  or 
|trata  within  the  earth.  We  fhall  follow 
Mr.  Daubenton  in  the  diftindtion  of  the 
different  kinds. 
Species 

1 .  Compact  calcareous  earth  ;  chalk. 

Its   colour  and   grain   are  various ;    it  is 
employed  for  many  domeftic  purpofes. 

2.  Spungy  calcareous  earth ;    flone-mar- 
row. 

3.  Calcareous  earth  in  powder;  foffil  flour. 

4.  Calcareous  earth  of  the  confiftence  of 
cream;  lac-lunae. 

5.  Soft  calcareous  earth ;  tufa. 

It  hardens  and  becomes  white  by  drying, 

6.  Calcareous  earth  in  large  grains. 

The  earth  of  Arcueil  is   an   inllance  of 
this  j  it  contains  /liells  broken  to  pieces, 

7.  Fine  grained  calcareous  earth. 
The  thiinder-ftone  is  a  variety  of  this. 
Without  entering   into  ufelefs  details,   it 

may  eafily  be  imagined  that  the  hardnefs, 
and  the  feveral  ufes  to  which  thefe  earths 
and  ftones  are  applied,  afford  names  ro  a  great 
number  of  varieties.     In  general  they  ferve 

to 
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to  make  lime,  and  for  other  ufes  in  the  con- 
ftrudtion  of  edifices. 

Genus  III.     Marble. 

Marbles  differ  from  calcareous  ftones  pro- 
perly fo  called,  in  being  rather  harder  ;  like 
them  they  etfervefce  with  acids,  have  a  gra- 
nulated fradture,  and  do  not  give  fire  with 
fteel ;  but  their  grain  is  much  finer  and 
clofer,  their  colours  more  brilliant,  and 
they  take  a  better  polifli.  Every  one  is  ac- 
quainted with  the  ufe  of  marble  in  fculp- 
ture,  architedture,  &c.  It  is  likewife  ufed 
in  fome  countries  to  make  lime. 

Species 

1.  Lumachello. 

This  name  is  given  by  the  Italians  to  mar- 
ble compofed  of  agglutinated  iliells. 

2.  Breccias.  , 

This  marble  is  compofed  of  fmall  round 
maffes  bedded  in  a  cement  of  the  faoie  na- 
ture. 

3.  Marble  properly  fo  called. 

Neither  the  (hells  nor  the  lumachellos,  nor 
the  round  mafl^es  of  the  breccias  are  found 
in  this ;  its  fpots  are  irregular,  and  it  is 
often  veined,  Mr.  Daubenton  arranges  mar- 
bles according  to  the  number  and  combina- 
tion of  their  colours,  and  includes  the  lu- 
machellos and  the  breccias  under  the  fame 
denomination. 

I.  Marble 
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1.  Marble  of  fix  colours;  for  example, 
white,  grey,  green,  yellow,  red,  and  black. 
Marble  from  VVirtemberg. 

2.  Marble  of  two  colours;  for  example, 
white  and  grey.     Marble  from  Carrara. 

.    3.  Marble  of  three  colours;  for  example, 
grey,  yellow,  and  black.     Lumachcllo. 

4.  Marble  of  four  colours  ;  for  example, 
white,  grey,  yellow,  and  red.  Brocatello 
of  Spain. 

5.  Marble  of  five  colours;  for  example, 
white,  grey,  yellow,  red,  and  black.  Brec- 
cia of  Old  Callile. 

Species 

4.  Figured  marble. 

It  reprefents  ruins,  as  in  the  marble  of 
Florence  ;  or  plants,  as  in  the  Heffian  mar- 
ble. 

It  muft  be  obferved  that  the  colours  of 
marble  depend  almoft  always  on  iron  inter- 
pofed  between  its  grains.  This  ftone,  though 
fufceptible  of  a  good  polilL,  is  very  porous. 
It  is  well  known  how  eafily  it  is  ftained,  and 
on  this  property  is  founded  the  art  of  drawing 
coloured  flowers  on  marble. 

Marble  is  often  mixed  with  fragments  of 
hard  ftone,  fuch  as  quartz,  or  filex,  in: 
which  cafe  it  gives  fire  with  fteel  at  that 
part.  I  have  frequently  obferved  this  cha- 
rafter  in  feveral  fpecies  of  black  marble. 


Genus 
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Genus  IV.     Concretions. 

Concretions  are  formed  irregularly  by  a 
depofition  of  calcareous  matter  by  v/ater  on 
the  furfaces  of  bodies.  They  are  not  dif- 
pofed  in  large  beds,  but  by  fragments  in 
mafles,  at  firft  feparate,  which  gradually 
growing  larger,  join,  and  become  confound- 
ed together. 
Species 

1.  Incruftations. 

Waters  loaded  with  chalk  depofit  it  on  the 
furface  of  all  bodies  over  which  they  flow. 
Incruflations  may  therefore  have  every  pof- 
fible  form,  according  to  the  fubftance  which 
has  ferved  as  a  nucleus.  Such  are  thofe 
fpecimens  from  the  waters  of  Arcueil ;  fuch 
likewife  is  Ofteocolla,  &c. 

2.  Staladtites. 

They  are  formed  flowly,  and  by  concen- 
tric layers  depofited  by  waters  at  the  vaults 
of  caverns,  &c.  They  vary  in  magnitude, 
tranfparency,  grain,  colour,  and  form;  they 
are  in  general  pyramidical  and  hollow.  The 
flos-ferri  is  the  purefl  of  all.  When  they 
are  adherent  to  the  fides  of  fubterraneous 
cavities  they  are  called  congelations  ;  when 
they  (land  on  the  floor  of  the  cavern,  they 
are  denominated  ftalagmites. 

3.  Alabafter. 

Alabafter  appears  to  be  formed  by  tlie  pu- 

reft 
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reft  ftaladlites^  after  remaining  long  in  the 
earth  ;  it  is  not  fo  hard  as  marble,  and  when 
it  is  poliflied,  its  furface  appears  greafy  and 
oily  ;  it  is  manifeftly  compofed  of  layers 
which  have  different  directions  ^  it  has  al- 
ways an  imperfe<5t  tranfparency,  which  dif- 
tinguiflies  it  from  marbles,  but  it  is  never  fo 
clear  as  fpars.  It  is  formed  into  vafes  and 
llatues ;  many  varieties  of  this  fubftance  may 
be  diftinguiilied. 
Varieties. 

1.  Oriental  alabafter. 

It  is  the  moft  tranfparent  and  the  hardeft. 

2.  Occidental  alabafter. 

Lefs  beautiful  and  pure  than  the  forego- 
ing. 

3.  Alabafter  fpotted  with  different  colours, 

4.  Wavy  alabafter. 

It  is  likewife  called  alabafter  of  agate. 

5.  Alabafter  reprefenting  figures  of  herbs. 

Genus  V.     Calcareous  Spar. 

Calcareous  fpar  differs  from  the  four  pre- 
ceding genera  by  its  form,  which  is  com- 
monly regular,  and  efpecially  by  its  frac- 
ture. It  confifts  of  laminae  applied  on  each 
other,  as  evidently  appears  from  its  frac- 
ture ;  it  crumbles  when  ftruck  with  a  fteel. 
Species 

I.   Opake  calcareous  fpar. 

It  is  white,  or  varioufly  coloured,  and 
ufually  in  the  form  of  rhomboidal  plates. 

2.  Tranf- 
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^.  Tranfparentrhomboidal  calcareous  fpar^ 
Iceland  cryftal. 
It  doubles  objefts. 

3.  Prifmatic  calcareous  fpar,  without  py* 
ramids. 

Thefe  are  truncated  hexahedral  prifms^ 
whofe  faces  are  either  equal  or  unequal,  and 
whofe  angles  are  fometimes  truncated  in  fuch 
a  manner  as  to  form  tv/elve-fided  prifms.  It 
confequently  has  three  varieties. 

4.  Calcareous  fpar  in  prifms,  terminated 
by  two  pyramids. 

There  is  a  confiderable  number  of  varie- 
ties of  this  fpar.  Some  are  hexahedral  prifms, 
terminated  by  hexahedral  pyramids,  either 
entire  or  truncated.  Others  prefent  trihedral 
pyramids,  either  entire  or  truncated,  or  with 
dihedral  fummits,  at  the  extremity  of  the 
fame  hexahedral  prifms.  Laflly,  there  are  qua- 
drangular prifms  terminated  by  dihedral  fum- 
mits. All  thefe  varieties  may  have  either  one 
or  two  pyramids  according  to  their  pofition^ 

5.  Pyramidal  calcareous  fpar. 

This  is  compofed  of  one  or  two  pyramids 
united  without  an  intermediate  prifm;  the 
hexahedral  or  triangular  form  of  thefe  py- 
ramids, the  inequality  of  their  faces,  and  the 
truncature  of  their  angles,  eftablifh  a  great 
number  of  varieties.* 


*  An  idea  of  the  varieties  of  form  diftinguifliable  in  fpars, 
and  of  the  great  number  of  fpecies  thence  refulting,  may  be 
had  by  confulting  the  Englifh  work  of  Dr.  Hill,  entitled 

the 
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6.  Dodecahedral  calcareous  fpar. 

This  fpar,  which  in  its  figure  refembles  a 
kind  of  garnet  or  marcafite,  appears  to  be 
compofed  of  two  pentagonal  pyramids,  trun- 
cated and  united  at  their  bafe. 

7.  Calcareous  fpar  in  ftriae. 

This  is  an  aggregate  of  long  prifms  ad- 
hering fide-ways,  which  do  not  prefent  any 
determinate  or  regular  form.  The  fwine- 
ftone  of  the  Swedes  belongs  to  this  fpe- 
cies. 

8.  Lenticular  calcareous  fpar. 

This  fpecies  is  compofed  of  flat  cryftals 
difpofed  obliquely  befide  each  other.  Rome 
de  Lifle  thinks  it  a  variety  of  the  hexahedral 
prifmatic  fpar,  terminated  by  two  obtufe  tri- 
angular prifms  placed  in  oppofite  dired;ions, 
Cryftallographie,  page  123.  firft  edition. 

§  II.  Concerning  the  Chemical  Properties 
of  Spar,  and  Calcareous  Matters  in  ge- 
neral. 

The  fpar  we  have  defcribed  being  the  moft 
pure  cretaceous,  or  calcareous  fubfl:ance  we 
know,  mufl:  be  adverted  to  in  our  inquiries 
into  the    chemical  properties   of  the    fub- 

the  Hiftory  of  Foffils,  &c.  London,  1748.  Rome  de  Lifle 
has  given  an  extra6l  in  the  firft  edition  of  his  Cryftallogra- 
phy,  page  131,  and  feq.  page  191,  and  feq.  relative  to  cal- 
careous fpar  and  rock  cryftal.  He  fhews  that  Dr.  HilFs 
method  is  defective  and  embarraffing.  Note  of  the  Author. 

itances 


CALCAREOUS    SUBSTANCES.  I95 

fiances  among  which  it  pofleiTes  the  firft 
place ;  at  the  fame  time  obferving,  that  all 
the  calcareous  matters  defcribed  in  the  five 
foregoing  genera,  prefent  abfolutely  the  fame 
properties  in  fimilar  circumftances. 

In  order  to  analyze. calcareous  fpar,  its 
aggregation  muft  be^  firft  deftroyed  by  re- 
ducing it  to  powder.  In  this  form  it  is 
white  and  opake,  and  has  no  fenfible  tafte, 
though  it  feems  to  contraft  or  harden  the 
fibres  of  the  tongue  and  palate,  when  kept 
for  fonte  time  in  the  mouth. 

When  expofed  to  the  a6lion  of  heat,  it  lofes 
its  acid  and  water  of  cryftallization ;  if  fud- 
denly  heated,  it  decrepitates,  and  becomes 
opake.  By  diftillation  in  a  retort,  much  water 
and  cretaceous  acid  is  obtained ;  but  a  confi- 
derable  heat  is  required  to  difengage  the  latter. 
After  this  operation,  the  fpar  is  reduced  to 
the  ftate  of  quick-lime ;  and  the  fpar  may 
be  regenerated  by  combining  quick-lime 
with  the  acid  obtained  in  this  decompofition. 
A  diftillation  of  chalk,  which  does  not  dif- 
fer from  calcareous  fpar,  except  in  its  friabi- 
lity and  its  opacity,  has  been  made  by  Mr. 
Jacquin.  The  Due  de  la  Rochefoucauld, 
who  repeated  this  experiment  with  great 
care,  obferved,  that  ftone-ware  retorts  fuffer 
a  part  of  the  gas  to  efcape.  Dr.  Prieftley 
has  eftabliftied  this  faft  by  many  very  accu- 
rate experiments.  A  retort  of  iron,  or  gun 
barrel,  may  be  ufed  ;  but  a  fmall  quantitv  of 
N  2  inflammable 
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inflammable  gas  is  always  produced  by  the 
ad:ion  of  the  water  contained  in  the  chalk 
upon  the  iron. 

Calcareous  fpar,  expofed  to  a  ftrong  heat  in 
crucibles  made  of  clay,  is  capable  of  flowing 
into  glafs,  where  it  touches  the  vefTel.  Mr. 
D'Arcet  has  melted  feveral  pieces  into  a 
tranfparent  glafs,  with  a  few  fpots.  But  as 
Macquer  has  obferved  that  this  earthy  fait 
did  not  melt  in  the  focus  of  Mr.  Trudaine's 
burning  lens,  it  cannot  be  doubted  but  that 
the  fufion  obtained  by  Mr.  D'Arcet  was 
produced  by  the  clay  of  the  crucibles. 

Calcareous  fpar  is  not  altered  by  expofure 
to  pure  air ;  but  the  contadl  of  the  humid 
atmofphere,  together  with  the  aftion  of  the 
fun's  rays,  deprive  it  of  its  tranfparency,  and 
deftroy  the  cohefion  of  its  lamina.  Its  furface 
takes  the  colours  of  the  rainbow,  grows  dim, 
and  fplits  off  by  degrees.  It  does  not  appear 
to  be  foluble  in  water.  Chalk,  which  can- 
not by  art  be  diflblved  in  this  fluid,  is  never- 
thelefs  held  in  folution  by  waters  which  pafs 
over  beds  of  cretaceous  fubftances :  fome 
waters,  fuch  as  thofe  of  Arcueil,  in  the  neigh- 
bourhood of  Paris,  contain  a  confiderable 
quantity ;  fo  that  in  the  fpace  of  a  few  months 
bodies  plunged  therein  become  incrufled. 
The  waters  of  the  baths  of  St.  Philip,  in 
Italy,  are  fo  highly  charged  with  this  fub- 
ftance,  that  they  depofit  it  to  the  thicknefs 
of  about  half  an  inch  in  the  fpace  of  a  few 

days. 
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days.  This  property  is  applied  to  the  for- 
mation of  fmall  tablets  and  figures  ;  moulds 
are  plunged  in  thefe  waters,  and  the  chalk 
is  depofited  on  their  internal  furface. 

Calcareous  fpar  promotes  the  vitrification 
of  fome  earthy  and  ftony  fubftances.  Mixed 
with  filiceous  earth,  it  caufes  fufion,  when 
the  latter  is  in  thp  proportion  of  one-third. 

Chalk,  when  naturally  mixed  with  argilla- 
ceous earth,  forms  the  fubftance  called  marie. 
This  fubftance  prefents  a  great  number  of 
varieties,  with  refpeft  to  colour,  denfity, 
&c.  and  melts  into  a  greenifli  yellow  glafs, 
when  urged  by  a  ftrong  heat.  It  is  ufed 
with  great  fuccefs  as  a  manure  to  fertilize 
lands. 

Ponderous  earth  and  magnefia  have  no 
adlion  on  calcareous  fpar,  by  the  humid 
way,  the  cretaceous  acid  adhering  more 
ftrongly  to  the  lime  than  to  either  of  thefe ; 
but  calcareous  fpar,  treated  by  fire  with 
thefe  alkaline  earths,  forms  a  vitreous  com- 
bination. Mr.  Achard  has  made  a  nume- 
rous feries  of  experiments  on  all  thefe  mix- 
tures by  vitrification ;  accounts  of  which  are 
inferted  in  Rozier's  Journal. 

Fixed  and  volatile  alkali  do  not  affeft  cal- 
careous fpar,  their  affinity  with  cretaceous 
acid  being  lefs  than  that  of  lime. 

The  vitriolic,  nitrous,  marine,  and  fparry 
acids  decompofe  it,  by  feizing  its  bafe,  and 
difengaging  the  cretaceous  acid.     If  fpirit  of 

N,  3  vitriol 
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vitriol  be  poured  on  calcareous  fpar,  an  ebul- 
lition is  excited,  which  arifes  from  the  dif- 
engagement  of  the  cretaceous  acid  in  the 
gafeous  form.     Naturalifts  avail  themfelves, 
with  great  fuccefs,  of  this  chemical  charac- 
ter, to  diftinguifli  calcareous  fubftances      An 
exa(3:  analyfis  of  calcareous  fpar  may  be  made 
by  acids.     For  that  purpofe  fpirit  of  vitriol 
is  poured  on  this  fait,  firft  reduced  to  pow- 
der. The  cretaceous  acid,  which  efcapes  with 
effervefcence,  may  be  collefted  by  means  of 
a  recurved  tube,  under  veffels  of  mercury. 
The  effervefcence  is  accompanied  with  cold, 
arifing  from  the  volatilization  of  the  cretaceous 
acid.  When  the  procefs  is  finillied,  if  the  new 
combination  be  examined,  it  is  found  to  be 
felenite,  formed  by  the  vitriolic  acid  united 
to  the  lime  which  compofed  the  bafe  of  the 
calcareous  fpar.     Recent  experiments  have 
fhewn,  that  fome  of  thefe   fpars   contain   a 
fmall   proportion   of  magnefia,    and    afford 
Epfom  fait  when  diffolved   in  the  vitriolic 
acid.     The  nitrous  acid,  which  naturalifts 
commonly  employ  in  their  affays,  produces 
the  fame  effervefcence;    when   dropped  on 
calcareous  fpar,  it  difengages  the  cretaceous 
acid,    and  forms  calcareous    nitre  with  its 
bafe. 

The  marine  acid  likewife  feparates  the 
calcareous  acid  from  this  fpar  \yith  violent 
effervefcence,  and  forms  calcareous  marine 
fait  by  combining  with  the  lime. 

The 


CALCAREOUS    SPAR.  I99 

The  fparry  acid  decompofes  it  in  the  fame 
manner,  and  forms  vitreous  fpar,  or  fparry 
fluor,  with  its  calcareous  bafe. 

The  fedative  acid,  or  acid  of  borax,  does 
not  decompofe  calcareous  fpar  in  the  cold, 
but  it  produces  an  efFervefcence  when  mixed 
with  chalk  in  powder,  diluted  with  a  fuf- 
ficient  quantity  of  water,  and  expofed  to 
heat. 

The  cretaceous  acid  has  the  property  of 
rendering  fpar  and  calcareous  matters  foluble 
in  water.  We  have  already  feen,  in  treating 
of  this  acid,  that  it  precipitates  lime-water, 
and  that  the  chalk  is  re-diflblved,  if  more 
cretaceous  acid  be  added  than  is  fufficient  to 
produce  this  effed:.  The  acid  fpirit  of 
chalk,  by  remaining  on  calcareous  fpar  in 
powder,  becomes  gradually  charged  with  a 
certain  quantity  of  this  earthy  neutral  fait. 
Many  waters  contain  chalk  diifolved  by  the 
medium  of  this  acid ;  but  it  foon  precipi- 
tates, when  the  acid  is  fuffered  to  efcape  by 
expofure  to  air.  This  ejffecl  is  much  more 
quickly  produced  by  the  adlion  of  heat ;  and 
for  that  reafon  boiling  is  fuccefsfully  em- 
ployed to  correal  waters  loaded  with  chalk, 
which,  without  this  precaution,  would  be 
crude  or  hard. 

As  chalk  is  almoft  always  fufpended   by 

means  of  the  cretaceous  acid,  it  is  therefore 

eafily  feen  why  it  fo  readily  precipitates,  and 

caufes  calcareous  depofitions  and  incrufta- 

N  4  tions. 
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tions,  as  we  have  obferved  of  the  waters  of 
Arcueil,  and  the  baths  of  St.  Philip  in 
Italy.  When  natural  hiftory  was  lefs  en- 
lightened by  chemiftry,  fprings  of  this  kind 
were  called  petrifying  waters,  and  were  by 
the  vulgar  reckoned  among  the  number  of 
miracles. 

Calcareous  fpar  has  no  aftion  on  neutral 
falts  with  bafe  of  fixed  alkali.  It  decom- 
pofes  ammoniacal  falts,  as  does  likewife 
chalk.  A  calcareous  fait,  formed  by  the 
acid  of  the  ammoniacal  falts  and  the  lime  of 
fpar,  and  alfo  cretaceous  ammoniacal  fait, 
arifing  from  the  combination  of  the  acid  of 
the  calcareous  fpar  with  the  volatile  alkali 
of  the  fal  ammoniac,  are  obtained.  This 
operation  is  made,  by  diftilling  in  a  ftone- 
ware  retort,  a  mixture  of  one  pound  of  fal 
ammoniac,  and  two  pounds  of  chalk  or  cre- 
taceous fpar,  in  powder.  Thefe  two  fub- 
ftances  muft  be  very  dry.  A  receiver  or 
cucurbit  of  glafs  is  adapted  to  the  retort, 
and  th^  fire  is  gradually  raifed  to  a  low  red 
heat.  White  vapours  pafs  over,  which  con-^ 
denfe  in  very  white  and  pure  cryftals  on  the 
fides  of  the  receiver.  This  appears  to  be  the 
procefs  ufed  in  England  for  preparing  the 
cretaceous  ammoniacal  fait,  which  was  for- 
merly exported  from  thence  to  every  part  of 
Europe,  under  the  name  of  fal  volatile ;  but 
at  prefent  it  is  prepared  every  where.  The 
refidue  of  this  operation  is  calcareous  marine 

fait. 
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fait,  which  is  ufually  melted,  if  a  brifk  heat 
be  given  towards  the  end. 

The  ufes  of  fpar,  and  calcareous  matter  in 
general,  are  very  extenfive,  as  we  have  already 
(hewn  in  treating  of  their  natural  hiftory^ 
but  one  of  the  moft  important  of  thefe  ufes 
is,  the  preparation  of  lime.  The  burning 
of  lime  conlifts  in  decompofing  calcareous 
matters  by  the  adlion  of  heat,  which  de- 
prives them  of  their  acid.  Stones  compofed 
of  fhells,  marbles,  and  moft  calcareous  fpars, 
are  the  fubftances  which  afford  the  beft  lime. 
But  the  hard  calcareous  done,  called  lime- 
ftone,  is  m.ore  commonly  ufed,  efpecially  in 
the  neighbourhood  of  Paris.  Thefe  ftones 
in  France  are  arranged  in  a  furnace,  or  kiln, 
fo  as  to  form  a  kind  of  vault,  beneath  which 
a  wood  fire  is  lighted,  and  kept  up  till  a 
ftrong  flame,  without  fmoke,  is  raifed  about 
ten  feet  above  the  furnace,  and  till  the  ftones 
become  very  white.  Pit  coal  begins  to  be 
ufed  at  Paris  for  the  burning  of  lime. 

Good  lime  is  hard,  fonorous,  becomes 
quickly  and  ftrongly  heated  by  the  addition 
of  water,  and  emits  a  denfe  v^our  during 
its  extinction.  If  it  be  not  fufficiently  cal- 
cined, it  is  lefs  fonorous,  and  heats  flowly : 
if  the  calcination  has  been  too  great,  it  is 
femi- vitrified,  emits  too  clear  a  found  when 
ftruck,  and  does  not  eafily  unite  with  wa- 
ter. The  workmen  call  it  over-burned  lime. 
We  fliall  not  here  enumerate  the  ufes  of  lime, 

but 
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but  refer  the  reader  to  the  hiftory  of  that 
pure  fubftance. 

But  we  (hall  here  add,  that  fuch  calcareous 
fpar  as  is  naturally  found  mixed  with  very 
fmall  fragments  of  felenite,  or  gypfum,  and 
which  is  depofited  in  mountains  in  large  re- 
gular flrata,  feparated  by  clay  and  marie,  as 
is  obferved  in  the  vicinity  of  Paris,  confti- 
tutes  the  moft  ufeful  lime-ftone  for  building. 
Though  we  have  already  fpoken  of  this  ar- 
ticle under  the  head  felenite,  we  think  it  pro- 
per to  refume  the  fubjedl  in  this  place  rather 
at  length,  becaufe  all  treatifes  of  natural 
hiftory,  and  of  chemiftry,  are  deficient  in 
this  refpeft.  It  muft:  be  recolleded,  that 
pure  felenite,  by  calcination,  affords  only 
fine  plafter,  which  makes  an  incoherent  pafte 
with  water,  and  is  employed  to  caft  ftatues. 
Every  one  knows  how  eafily  this  pafte  is 
broken  when  dry;  a  circumftance  which 
depends  on  the  mafs  being  alike  throughout. 
This  is  not  the  cafe  with  fuch  plafter  as  is  pro- 
per for  building.  The  ftone  which  affords  it 
at  Montmartre,  and  other  places,  is  a  kind 
of  breccia,  formed  of  very  fmall  granulated 
cryftals  of  ielenite,  together  with  thin  la- 
minae of  calcareous  fpar :  the  prefence  of 
the  latter  maybe  afcertained  by  a  drop  of 
nitrous  acid  applied  to  the  ftone,  which  dif- 
engages  the  cretaceous  acid  with  a  ftrong 
effervefcence.  When  a  given  quantity  of 
the  plafter  ftone  of  Montmartre  is  diflblved 

in 
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in  aqua-fortis,  all  the  calcareous  fpar  is  de- 
compofed,  in  proportion  as  the  lime  unites 
with  the  nitrous  acid.  The  felenite,  which  is 
not  foluble  in  this  menftruum,  remains  be- 
hind. The  relative  qualities  of  calcareous 
fpar  and  felenite  in  different  plafter  ftones 
may  thus  be  found  ;  and  experience  fhews, 
that  the  beft  plafter  ftone  contains  more  than 
half  its  weight  of  the  fpar. 

The  mixed  nature  of  the  plafter  ftone  be- 
ing admitted,  it  is  eafy  to  account  for   the 
phenomena  exhibited  in  its  burning,  its  ex- 
tinction,   and  its    hardening.     When    this 
earthy  fait  is  burned,  the  felenite  lofes  its 
water  of  cryftallization,  and  becomes  friable; 
the  calcareous  fpar,  at  the  fame  time,  being 
converted  into  lime  by  the  lofs  of  its   acid. 
In  this  ftate,  the  v/ell  burned  plafter  is  acrid 
and  alkaline ;  converts  the  fyrup  of  violets 
to  a  green  ;  becomes  hot  with  acids  without 
effervefcence  ;  and  lofes  its  goodnefs  by  expo- 
fure  to  air,  in  proportion  as  the  lime  is  extin- 
guifhed  by  attradiing  humidity  and  cretace- 
ous acid  from  the  atmofphere.     It  abforbs 
water* with  avidity;  and  with   regard  to  the 
folidity  it  fo  fuddenly  takes,  which  is  a  pro- 
perty oppofite  to  thofe  of  pure  lime,  it  arifes 
from  the  circumftance,  that  when  the  quick- 
lime has  abforbed  as  much  water  as  is  necef- 
fary  for  its  extinftion,  the  felenite,  which  is 
interfperfed  between  its  particles,  cryftallizes 
fuddenly,  and  produces  the  fame  efteft  as 

fand 
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fand  in  mortar,    by  giving  folidity  to  the 
whole. 

Laftly,  from  this  theory  it  is  known, 
why  plafter  may  be  well  preferved  in  a  hot 
and  dry  place,  but  is  quickly  deftroyed  by 
humidity.  The  folubility  of  its  two  faline 
principles  in  water  is  the  caufe  of  this  phe- 
nomenon. 


CHAPTER      VIII. 

Genus  IV.  Neutral  Salts,  with  Base 

OF  Magnesia,  or  Magnesian  Neu- 
tral Salts. 

WE  have  already  obferved,  in  the  hiftory 
of  acids,  that  magnefia  readily  combines 
with  thofe  falts,  and  forms  faline  compounds 
different  from  thofe  which  contain  other 
bafes.  Thefe  falts  are  not  yet  perfedly 
known,  few  chemifts  having  paid  particular 
attention  to  them.  The  celebrated  Dr, 
Black  is  the  firft  who  made  a  proper  diftinc- 
tion  between  thefe  falts  and  other  terreftrial- 
faline  bodies,  with  which  they  were  before 
confounded. 

Magnefian  falts  pofTefs  generic  charafters 
fufficicnt  to  diftinguifh  them.  They  are  al- 
moft  all  bitter  and  fait ;    the  greateft  part 

cryftallize 
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cryftallize  regularly,  though  with  difficulty ; 
in  general  they  are  very  foluble  in  water, 
fome  even  attrafting  the  humidity  of  the  air^ 
and  they  are  more  eafily  decompofed  than 
ammoniacal  and  calcareous  falts.  Ponderous 
earth,  lime,  volatile  alkali,  and  the  two 
fixed  alkalis,  deprive  them  of  their  acid. 

Thefe  falts  are  fix  in  number;  namely, 
magnefian  vitriol,  or  Epfom  fait,  magnefian 
nitre,  magnefian  marine  fait,  magnefian  bo- 
rax, magnefian  fluor,  and  magnefian  chalk. 

Species  I.      Magnesian    Vitriol,    or 
Epsom  Salt. 

The  neutral  fait,  compofed  of  magnefia, 
united  to  the  vitriolic  acid,  has  been  called 
Epfom  fait,  from  the  name  of  a  fpring  in 
England  from  which  it  was  formerly  ob- 
tained :  it  exifts  likewife  in  the  waters  of 
Egra,  Sedlitz,  and  Seydfchutz.  Its  true, 
name  is  magnefian  vitriol  ^  Bergman  calls  it 
vitriolated  magnefia. 

This  fait  has  a  very  bitter  tafte,  and  on 
that  account  has  been  called  fal  catharticus 
amarus :  it  is  met  with  in  commerce  in  the 
form  of  very  fmall  needles,  terminated  by 
acute  pyramids ;  in  this  fi:ate  it  much  refem- 
bles  Glauber^s  fait,  but  its  tafl:e  is  more 
bitter.  It  does  not  efHorefce  in  the  air ; 
and  its  regular  cryfl:allization  is  very  differ- 
ent from  that  which  we  have  juft  defcribed. 

By 
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By  fpontaneous  evaporation,  it  is  obtained 
in  fine  quadrangular  prifms,  terminated  by- 
quadrangular  pyramids,  all  the  furfaces  be- 
ing fmooth  and  without  furrows  ;  its  cryf- 
tals  in  general  are  fhorter  and  larger  than 
thofe  of  Glauber's  fait ;  and  it  likewife  dif- 
fers from  that  perfeft  neutral  fait  in  all  its 
other  properties. 

Epfom  fait  retains  a  fujfficient  quantity  of 
the  water  of  cryftallization  to  admit  the 
aqueous  liquefadlion.  A  very  flight  heat  is 
fufficient  to  melt  it;  and  it  congeals,  by 
cooling,  into  a  mafs  of  no  determinate  form. 
Continued  application  of  heat  dries  it  into 
a  white  friable  mafs,  which  is  merely  the 
fait  deprived  of  its  water  of  cryftallization : 
it  does  not  experience  the  true  igneous  fu- 
lion  but  by  an  extreme  heat.  The  water 
of  cryftallization  in  Epfom  fait  is  nearly  half 
its  weight. 

Macquer  and  other  chemifts  affirm,  that 
it  becomes  flightly  moiftened  by  expofure  to 
air,  and  that  it  may  be  thereby  diftinguiftied 
from  Glauber's  fait,  which  efflorefces.  But 
Bergman  on  the  contrary  affirms,  that  Ep- 
fom fait,  expofed  to  a  dry  air,  lofes  its  tranf- 
parency,  and  is  at  length  reduced  into  a 
white  powder ;  and  he  affirms,  that  the  fait 
fold  in  the  form  of  fmall  needles,  is  humid 
and  deliquefcent,  on  account  of  the  mag- 
nefian  marine  fait  it  contains.  Mr.  Butini, 
citizen  of  Geneva,  to  whom  we  are  indebted 

for 
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for  a  feries  of  valuable  inquiries  concerning 
magnefia,  affirms,  that  he  found  in  Englifli 
Epfom  fait,  a  fufficient  quantity  of  Glauber's 
fait,  to  which  the  efflorefcence  might  be  at- 
tributed ;  but  that  vitriol  of  magnefia,  v^ell 
purified,  though  its  tranfparency  is  dimi- 
nished by  expofure  to  air,  is  very  far  from 
efflorefcing  like  Glauber's  fait,  v^^hich  is  in- 
tirely  reduced  to  pow^der  at  the  end  of  afhort 
fpace  of  time. 

Epfom  fait  is  fo  foluble  in  w^ater,  that  no 
more  than  tw^ice  its  weight  of  cold,  or  half  its 
weight  of  hot  water,  are  required  to  hold  it 
in  folution.  It  cryftallizes  by  cooling;  but 
very  regular  cryftals  can  only  be  produced  by 
fpontaneous  evaporation. 

This  fait  is  not  altered  by  filiceous  or  ar- 
gillaceous earths. 

Ponderous  earth  decompofes  it,  becaufe 
its  affinity  to  the  vitriolic  acid  is  greater  than 
that  of  magnefia. 

Lime  decompofes  it  for  the  fame  reafon. 
If  a  fmall  quantity  of  EpfDm  fait  be  added 
to  lime-water,  or  if  the  latter  be  added  to 
a  folution  of  the  fait,  a  precipitate  is  form- 
ed, confifting  of  magnefia  and  felenite;  this 
precipitation  is  a  difl:ind:ive  charadter,  by 
which  magnefian  vitriol  may  be  known  from 
Glauber's  fait. 

Pure  alkalis  likewife  decompofe  Epfom 
fait.  The  cauftic  volatile  alkali  decompof- 
ing  this  fait,  and  having  no  effedl  on  fele- 
nite. 
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nite,  is  a  proof  that  it  has  a  ftronger  affinity 
than  magnefia,  and  a  v/eaker  than  lime,  with 
the  vitriolic  acid :  it  may  therefore  ferve  as 
a  tefh  of  the  prefence  of  Epfom  fait  in  waters. 
Hence,  likewife,  pu  re  magnefia  is  obtained,  by 
means  of  the  cauitic  volatile  alkali.  Bergman 
obferves,  that  pure,  volatile  alkali  does  not 
completely  p/ecipitate  the  magnefia  from 
Epfom  fait,  but  that  part  remains  unde- 
compofed.  The  liquid  holds  in  folution 
ammoniacal,  vitriol,  and  Epfom  fait;  fome 
chemifts  have  imagined,  that  thefe  two  falts, 
combining  together,  formed  a  triple  fait,  or 
compound  of  an  acid  united  to  two  bafes  : 
but  there  is  a  manifeft  error  in  this  opinion  ; 
for  though  thefe  falts  are  found  in  the  fame 
water,  one  confifts  of  the  vitriolic  acid  unit- 
ed to  volatile  alkali,  and  the  other  of  the 
fame  acid  combined  with  magnefia.  Each 
has  a  portion  of  acid ;  and  it  is  not  one  and 
the  fame  acid  which  adheres  to  the  two  bafes, 
a  condition  abfolutely  necefTary  to  conflitute 
a  true  triple  fait.* 

The  action  of  Epfom  fait  on  neutral  fait, 
with  bafe  of  alkali,  is  not  yet  known  ^  it  is 

*  The  reparation  of  falts  by  cryftalHzation  feems  to  be 
the  only  method  of  afcertaining  whether  thefe  compounds 
of  more  than  tvfO  principles  exift  or  not.  In  fuch  cafes  as 
they  do  exift,  it  becomes  a  queftion,  as  for  example,  in 
the  prefent,  whether  the  three  principles  be  united  together 
as  primary  component  parts,;  or  whether  two  of  them  be 
united  fo  as  to  form  a  fecondary  principle,  to  which  the 
other  unites,  &c.    T, 
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probable  that  it  may^  decompofe  njitrQus  and 
marine  falts  of  thefe  genera  by  double  affi- 
nity. „- 

Mr.  Quartremer  Dijopval  affirms,':^n  a 
letter  to  Mr.  De  Morveau/^(Rofiery  Jour- 
nal for  May  1780)  that  when  a  folutioh  of 
Epfom  fait  is  added  to  a 'feliition  4f  vitnolic 
ammoniac,  the  Epfom  falt^^^s  totally  preci- 
pitated without  decomppfiJion,  in  the  form 
of  cryftals  of  confiderable  magnitude,  which 
may  be  known  by  the  tafte,  &c.  He  attri- 
butes this  effedl  to  the  vitriolic  fal  ammo- 
niac feizing  the  water  from  the  Epfom  fait, 
which  he  thinks  cryftallizable  in  this  man- 
ner. We  (hall  confider  this  explanation  in 
the  hiftory  of  magnefia  and  nitre. 

It  is  certain,  that  Epfom  fait  and  the  cre- 
taceous falts  mutually  decompofe  each  other. 
When  a  folution  of  cretaceous  tartar,  or 
cretaceous  foda,  is  poured  into  a  folution  of 
Epfom  fait,  a  double  decompofiti:  n  and 
combination  take  place ;  the  vitriolic  acid 
unites  to  the  fixed  alkalis,  and  the  cretaceous 
acid,  feparated  from  the  latter,  feizes  the 
magnefia,  and  forrns  a  neutral  fait,  known 
by  the  name  of  mild  or  eflfervefcent  mag- 
nefia. By  this  procefs,  the  mild  magnefia, 
ufed  in  medicine  as  an  excellent  mild  purge, 
is  prepared,  as  will  be  feen  more  at  large  at 
article  magnefian  chalk. 

A  folution  of  felenite,  mixed  with  a  fo- 
lution of  Epfom  fait,  affords  a  precipitation 

Vol.  II.  O  of 
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of  the  latter,  according  to  Mr.  Dijonval  : 
the  precipitate  is  fcarcely  fenfible  on  account 
of  the  fmall  quantity  of  felenite  diffolved  in 
the  water.  Nitrous  and  marine  calcareous 
falts  decompofe  Epfom  fait;  but  we  do  not 
think  it  proper  to  conclude  with  Mr.  Di- 
jonval, that  the  nitrous  and  marine  acids 
have  more  affinity  than  the  vitriolic  acid 
with  magnefia,  as  thefe  experiments  certainly 
depend  on  double  affinity. 

Bergman  affirms,  that  a  centenary  of  cryf- 
tallized  Epfom  fait  contains  nineteen  parts 
of  pure  magnefia,  thirty- three  of  vitriolic 
acid,  and  fortyrcight  of  water. 

Epforn  fait  is  employed  in  medicine  with 
great  fuccefs ;  it  is  a  very  ufeful  purge,  and 
at  the  fame  time  has  an  opening  quality.  It 
is  even  preferred  to  other  purgative  falts,  on 
account  of  its  great  folubility ;  it  is  admi- 
niftered  either  alone  dilTolved  in  water,  in  a 
dofe  from  one  to  two  ounces,  or  as  an  auxi- 
liary medicine  in  the  quantity  of  one  or  two 
drachms.  It  mineralizes  moft  natural  pur- 
gative waters,  efpecially  thofe  of  Egra,  Sed- 
lit2,.  Seydfchutz,  &c. 

Species  II.     Magnesian  Nitre. 

This  combination  of  the  nitrous  acid  with 
magnefia,  called  magnefian  nitre,  or  nitrated 
magnefia,  has  been  examined  by  Bergman. 
That  illullrious  chemift  affirms,  that  a  folu- 
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tion  of  this  fait  made  by  art,  affords,  after 
proper  evaporation,  prifmatic,  quadrangular, 
ipathofe  cryftals,  without  pyramids. 

This  fait  has  an  acrid  and  very  bitter  tafle  ; 
it  is  decompofed  by  heat,  attradts  the  hu- 
midity of  the  air,  and  is  very  foluble  in  wa- 
ter. It  cannot  be  obtained  in  cryftals,  but 
by  a  flow  evaporation  ;  and  the  laws  of  its 
cryftallization  are  not  yet  fufficiently  known 
to  enable  us  to  obtain  it  with  certainty  in  a 
regular  form,  as  is  done  with  a  great  number 
of  other  falts.  It  is  decompofed  by  ponde- 
rous earth,  lime,  and  alkalis. 

As  magnefian  nitre  is  diifolved  in  the  mo- 
ther waters  of  nitre,  Mr.  de  Morveau  pro- 
pofes  to  obtain  the  magnefia  in  the  large  way, 
by  precipitating  it  with  lime-v/ater.  This 
procefs  might  be  very  advantageous  in  point 
of  facility  and  cheapnefs  :  but  the  fame  che- 
mift  afferts  that  lime-water  precipitates  pure 
calcareous  nitre,  as  I  have  myfelf  obferved  in 
many  experiments;  the  magnefia  obtained  by 
this  procefs  would  not  therefore  have  the  re- 
quifite  degree  of  purity  for  fo  ufeful  a  medi- 
cine. This  objed:  requires  continued  atten- 
tion, and  a  more  minute  explanation  of  its 
concomitant  circumftances,  than  the  nature 
of  this  work  admits  of. 

The  vitriolic  and  fluor  acids  difengage  the 
nitrous  from  magnefia ;  fedative  fait  like- 
wife  feparates  it  by  the  afliflance  of  heat,  in 
confequence  of  its  fixity  :  thefe  properties 
O  2  of 
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of  magnefian  nitre  were  difcovered  by  Berg- 
man.  Mr.  Quartremer  Dijonval,  who  has 
made  inquiries  into  many  combinations  of 
magnefia,  found  fome  of  the  properties  of 
magnefian  nitre  very  different  from  thofe  at- 
tributed to  it  by  the  chemift  of  Upfal.  He 
afferts,  that  he  obtained  cryftals  of  magnefian 
nitre  which  do  not  dehquefce;  and  even  adds, 
that  the  magnefian  falts  are  as  cryftallizable 
and  efBorefcent,  as  the  calcareous  falts  are 
greedy  of  moifliure. 

The  nitre  of  magnefia  feems  capable  of 
decompofing  by  double  aiSinity  the  vitriolic 
falts,  fuch  as  vitriolated  tartar,  Glauber's  fait, 
and  vitriolic  ammoniac ;  but  thefe  decompo- 
fitions  are  not  fenfible  in  the  mixture  of  the 
folutions  of  the  different  falts,  as  thofe  are 
which  are  effedled  with  calcareous  nitre : 
becaufe  the  common  rhomboidal  and  ammo- 
niacal  nitres,  as  well  as  the  Epfom  fait,  are  all 
very  foluble  in  water;  while  the  felenite  form- 
ed by  the  decompofition  of  vitriolic  falts  by 
calcareous  nitre,  affords  a  very  plentiful  pre- 
cipitate. The  effed:  of  thefe  double  affini- 
ties may  however  be  feen  by  evaporating  the 
fluid  j  the  nitres  formed  by  the  combination 
of  the  alkalis,  and  the  Epfom  fait  produced 
by  the  union  of  the  vitriolic  acid  of  the  de- 
compofed  falts,  with  the  bafe  of  magnefian 
nitre,  are  by  that  means  obtained. 

Mr.  Dijonval  mentions  a  fadt,  which  de- 
ferves  all  the  attention  of  chemifts ;  it  is  the 
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precipitation  of  magnefian  nitre  by  the  ad- 
dition of  calcareous  nitre.  When  tranfpa- 
rent  and  very  pure  folutions  of  thefe  two  falts 
are  mixed,  the  magnefian  nitre  is  immedi- 
ately depolited  in  the  cryftalline  form,  with- 
out being  at  all  decompofed  ;  the  fluid  retain- 
ing the  calcareous  nitre  in  folution.  It  is  very 
fingular  that  two  falts,  which  when  feparate 
had  fufficient  water  to  hold  them  in  perfedl 
folution,  fhould  when  mixed  exhibit  the  ap- 
pearance of  the  precipitation  and  cryftalliza- 
tion  of  one  of  them.  Mr.  Dijonval  thinks, 
as  we  have  already  announced,  that  this  de- 
pends on  the  ftrong  tendency  of  the  calcare- 
ous nitre  to  unite  w4th  water ;  this  fait, 
according  to  him,  being  capable  of  abforb- 
ing  a  larger  quantity  of  water  than  is  necef- 
fary  to  hold  it  in  folution,  and  the  nitre  of 
magnefia,  on  the  contrary,  tending  ftrongly 
to  cryftallize,  the  former  immediately  feizes 
the  water  which  held  the  latter  in  folution; 
the  magnefian  nitre  is  of  courfe  precipitated 
in  the  cryftalline  form  :  this  explanation  does 
not,  however,  appear  to  remove  all  difficulties. 
How,  in  fad:,  can  any  fait,  however  folu- 
ble,  or  however  ftrong  its  difpofition  to  com- 
bine with  water  may  be,  feize  the  water  from 
another  fait,  while  itfelf  is  already  united 
with  a  fufficient  quantity  to  hold  it  in  folu- 
tion ? 

If  it  be  replied   that  it  is    not  faturated 

with   water,    it    fliould    be   obferved,     that 

there    will    be    a    point    of    faturation    at 
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which  calcareous  nitre  would  ceafe  to  preci- 
pitate the  marine  fait  of  magnefia  in  this 
manner,  and  this  fait  ought  to  have  been 
fhewn.  If  the  fuppofition  be  even  admit- 
ted, how  can  the  calcareous  nitre  feize  the 
water  of  cryflallization  of  the  magnefian 
nitre,  as  Mr.  Dijonval  afferts,  fmce  the  mag- 
nefian nitre  appears  to  be  precipitated  in  the 
cryftalline  form  ?  We  therefore  think  that 
fome  circumftance  efcaped  Mr.  Dijonval  in 
the  phenomena  he  obferved,  and  that  they 
depend  on  a  caufe  which  will  not  be  clearly 
afcertained  till  the  experiment  has  been  re-- 
peated  in  feveral  different  manners,  with 
regard  to  the  quantity  of  water,  of  falts,  the 
temperature,  &c. 

Magnefian  nitre  is  not  ufed  in  the  arts, 
nor  in  medicine.  Its  ftrong  tafte,  its  deli- 
quefcence,  and  all  its  other  properties,  fhew, 
that  it  would  adl  flrongly  on  the  animal  oeco- 
nomy;  yet  it  deferves  to  be  tried  as  a  folvent 
and  aperient  medicine. 

Species  III.  Magnesian  Marine  Salt, 

This  fait,  which  is  a  faturated  combina- 
tion of  marine  acid  and  magnefia,  exifls  in 
all  fait  waters,  and  in  all  {\icl}  as  contain  vi- 
triol of  magnefia  in  folution,  as  the  waters 
of  Epfom,  Egra,  Sedlitz,  Seydfchutz,  and 
many  others  5  it  is  much  more  common  than 
is  fuppofed. 

Magnefian 
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Magnefian  marine  fait  has  a  very  bitter  and 
hot  tafte.  Bergman  affirms  that  it  cannot  be 
obtained  in  cryftals,  but  by  luddenly  expof- 
ing  its  folution,  firft  concentrated  by  evapo- 
ration, to  a  great  degree  of  cold.  It  is  then 
in  the  form  of  fmali  and  very  deliquefcent 
needles.  This  folution  moft  commonly  has 
the  appearance  of  a  tranfparent  jelly.  Mr. 
Dijonval,  who  affirms  that  he  has  obtained 
this  fait  in  a  regular  and  permanent  form, 
thinks  it  is  rather  efflorefcent  than  deliquef- 
cent. 

Marine  fait  of  magnefia  is  decompofed,  and 
lofes  its  acid,  by  the  aftion  of  fire.  The  laft 
portions  of  acid  are  not  difengaged  but  with 
great  difficulty;  the  magnefia  remains  cauftic 
after  the  operation.  • 

This  fait  when  expofed  to  the  air  appears 
toattradt  humidity  ftrongly,  and  quickly  falls 
into  deliquefcence.  Bergman,  and  many  other 
chemifl:s,  have  mentioned  this  property.  Mr. 
Dijonval  is  the  only  one  who  has  aflerted 
that  the  marine  fait  of  magnefia,  as  well  as 
magnefian  nitre,  efflorefces,  inflead  of  at- 
tracting humidity  3  but  this  afl^ertion  requires 
to  be  eftablifhed  by  repeated  experiments. 

Magnefian  marine  fait  is  very  foluble  in 
water,  and  appears  to  be  held  in  folution  by 
lefs  than  its  own  weight  of  that  fluid.  It  is 
very  difficult  to  obtain  it  in  perfedt  cryftals; 
evaporation  by  heat  does  not  fucceed  well, 
becaufe  the  fluid  becomes  thick,  and  almoft 
O  4  always 
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always  takes  the  gelatinous  form  in  cooling. 
There  are  more  hopes  of  fuccefs  from  the' 
fpontaneous  evaporation  of  a  folution  of  this 
fait  during  the  heat  of  fummer ;  and  this 
method  is  found  to  afford  cryftals,  though 
with  much  difficulty. 

The  marine  fait  of  magnefia  heated  in  a 
retort  with  filiceous  and  argillaceous  earth 
gives  out  its  acid ;  but  as  this  is  alfo  difen- 
gaged  by  mere  heat,  the  decompolition  in 
the  prefent  cafe  cannot  be  attributed  to  the 
earths. 

Ponderous  earth  and  lime  decompofe  this 
fait,  and  precipitate  the  magnefia.  As  the 
mother  waters  of  the  marine  fait  of  fait 
fprings  contain  marine  fait  of  magnefia  mix- 
ed wi|h  marine  calcareous  fait,  the  magnefia 
may  be  precipitated  in  the  large  way,  and 
at  a  fmall  expence,  by  means  of  lime-water. 

Pure  fixed  and  volatile  alkalis  have  more 
affinity  than  magnefia  to  the  marine  acid, 
and  therefore  precipitate  it  from  this  fait. 
The  water  holds  in  folution  febrifuge  fait, 
marine  fait,  or  fal  ammoniac,  according  to 
the  nature  of  the  alkali  made  ufe  of. 

The  vitriolic  and  nitrous  acids  decompofe 
this  fait,  and  feparate  the  marine  acid  with 
efFervefcence.  To  eflfefl:  thefe  decompofi- 
tions,  a  mixture  of  one  part  of  either  of  thefe 
acids,  and  two  parts  of  marine  fait  of  mag- 
nefia, are  to  be  expofed  to  heat  in  a  retort. 
The  acid  of  the  latter  becomes  volatilized, 

while 
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while  the  ftronger  acid  combines  with  the 
magnefia,  and  forms  Epfom  fait,  or  magne- 
fian  nitre.  Sedative  fait  likewife  difengages 
the  marine  acid  by  heat. 

Marine  fait,  with  bafe  of  magnefia,  de- 
compofes  the  vitriolic  and  nitrous  falts,  with 
bafe  of  fixed  or  volatile  alkali,  by  the  way 
of  double  affinity  ;  but  in  order  to  be  aiTured 
that  thefe  decompoiitions  take  place,  the 
mixture  muft  either  be  evaporated,  or  fpirit 
of  wine  added,  which  feizes  the  water;  other- 
wife  the  new  faline  refults  will  remain  dif- 
folved  in  the  fluid. 

According  to  Mr.  Dijonval,  if  the  folutions 
of  febrifuge  fait  and  marine  fait  of  magne- 
fia are  mixed,  the  latter  fait  is  precipitated 
in  cryftals,  in  confequence  of  its  ftrong  dif- 
pofition  to  cryftallize,  compared  with  that 
of  the  febrifuge  fait,  which  retains  the  wa- 
ter of  folution.  It  is  very  difficult  to  con- 
ceive, admitting  the  opinion  of  this  chemift, 
how  a  fait,  which  is  much  inferior  to  the 
marine  magnefian  fait  in  point  of  folubility 
and  deliquefcence,  can  deprive  this  laft  of  the 
w^ater  which  holds  it  in  folution.  If  a  folu- 
tion of  hiarine  magnefian  fait  be  mixed  with 
a  folution  of  marine  calcareous  fait,  the  for- 
mer is  precipitated  in  cryftals,  according  to 
the  fame  chemift.  All  thefe  aflertions  re- 
quire to  be  confirmed  by  new  experiments, 
before  they  can  be  admitted  as  part  of  the 
elements  of  chemical  fcience. 

Magnefian 
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Magnefian  marine  lalt  is  of  no  ufe,  but  we 
think  it  might  be  advantageoufly  employed 
as  an  opening  medicine;  it  is  continually ad- 
miniftered  in  fmall  quantities  in  Epfom  fait, 
Sedlitz  water,  and  the  impure  marine  falts, 
thefe  fubftances  always  containing  it. 

Species  IV.     Magnesian  Borax. 

This  name  may  be  given  to  the  combina- 
tion of  fedative  fait  with  magnefia.  It  is 
fcarcely  known.  Bergman  obferved,  that 
magnefia  added  to  a  folution  of  fedative  fait 
was  diffolved,  though  llowly.  The  fluid,  by 
evaporation,  affords  granulated  irregular  crys- 
tals. 

This  fait  melts  in  the  fire  without  decom- 
pofition.  Acids  decompofe  it  by  combining 
with  the  magnefia,  and  difengaging  the  fe- 
dative fait.  Spirit  of  wine  combines  with 
the  acid,  and  leaves  the  magnefia  feparate : 
it  does  not  therefore  adhere  ilrongly  to  the 
acid  of  borax. 

Hence  it  appears,  that  for  want  of  expe- 
riments, we  are  ignorant  of  almofi:  all  the 
properties  of  this  fait. 

Species  V.     Magnesian  Fluor. 

The  combination  of  magnefia  with  the 
fparry  acid,  which  may  be  called  magnefian 
fluor,  fiuorated  magnefia,  or  fparry  magnefia, 

is 
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is  not  more  known  than  the  magnefian  borax. 
Bergman  is  the  only  chemift  who  mentions 
it.  According  to  him,  the  fparry  acid  ra- 
pidly diflblves  magnefia,  great  part  of  the 
fait  being  depofited  in  proportion  as  the  fa- 
turation  is  effefted. 

The  folution  affords,  by  fpontaneous  eva- 
poration, a  kind  of  tranfparent  froth,  which 
hangs  to  the  fides  of  the  vefl'el,  and  prefents 
fome  long  and  very  flender  cryftalline  needles. 
Sparry  cryftals  are  likewife  formed  at  the 
bottom  of  the  veiTel,  in  hexagonal  prifms, 
terminated  by  a  low  pyramid  compofed  of 
three  rhombs.  This  fait  is  not  changed 
by  the  moft  violent  heat,  and  no  acid  de- 
compofes  it  in  the  moid  w^ay.  It  is  one  of 
thofe  neutral  fluor  falts,  which  deferve  to  be 
particularly  examined. 

Species  VI.  Cretaceous  Magnesia, 
OR  Magnesian  Chalk;  Common 
Magnesia. 

This  fait,  denominated  mild  or  effervef- 
cent  magnefia  by  its  difcoverer.  Dr.  Black, 
is  formed  by  the  intimate  union  of  magnefia 
with  the  cretaceous  acid. 

It  has  moft  commonly  the  appearance  of 
an  earth,  or  very  white  powder.  ^  However, 
Bergman,  and  Mr.  Butini  of  Geneva,  ob- 
tained it  in  a  cryftalline  form  by  the  procefs 
we  fhall  defcribe  below.  It  is  capable  of 
uniting  with  various  quantities  of  its  acid, 

as 
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as  all  cretaceous  falts  in  general  are ;  and  its 
properties  differ  accordingly.  Its  tafte  is 
crude  and  earthy  ^  but  its  effedJ:  is  more  fen- 
lible  on  the  inteilines,  as  appears  by  its  adt^ 
ing  as  a  purgative. 

Expofed  to  the  fire  in  a  crucible,  it  lofe? 
its  acid  and  water,  Mr.  Tingry,  apothe- 
cary at  Geneva,  obferved,  that  when  it  is 
calcined  in  large  quantities,  it  boils,  and 
has  the  appearance  of  a  fluid;  a  phenomenoa 
produced  by  the  difengagement  of  its  acid 
gas.  A  light  fmoke  arifes  from  the  cruci- 
ble, which  being  depofited  on  the  furround- 
ing  bodies,  is  found  to  be  powder  of  mag- 
nefia,  carried  off  by  the  current  of  cretaceous 
acid.  If  a  hot  body  be  plunged  therein,  it 
adheres  to  it,  according  to  the  fame  chemift ; 
a  cold  fubflance  takes  up,  by  adhefion,  a 
flill  greater  quantity  :  towards  the  end  of  the 
operation,  the  magnefia  fhines,  with  a  blueiflx 
and  phofphoric  light,  very  fenfible  in  tthe 
dark. 

If  cretaceous  magnefia  be  calcined  in  clofe 
veflels  with  a  pneumatic  apparatus,  the  water 
and  acid  may  be  preferved.  Mr.  Butini, 
who  made  this  experiment  with  great  accu- 
racy, affirms,  that  thirty-two  grains  of  com* 
mon  magnefia,  by  which  he  means  fuch  as 
is  prepared  for  medical  purpofes,  and  is  not 
entirely  faturated  with  acid,  contains  about 
thirteen  grains  of  pure  earth,  twelve  grains 
of  acid,  and  fcvcn  of  water,     Bergman  efli- 

mates 
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mates  that  cretaceous  magnefia  contains  in 
the  hundred,  twenty-five  or  thirty  parts  of 
acid,  thirty  of  water,  and  forty-five  of  pure 
magnefia.  If  cretaceous  magnefia  be  more 
ftrongly  heated  after  it  has  loft  its  acid,  its 
parts  agglutinate,  and  become  hard  like  pure 
or  cauftic  magnefia. 

Magnefian  chalk  is  not  fenfibly  altered  by 
expofure  to  air;  yet,  as  it  gathers  into  lumps 
when  kept  in  a  moift  place,  it  feems  to  be 
flightly  deliquefcent. 

Water  difiblves  but  an  exceedingly  fmall 
quantity  of  cretaceous  magnefia ;  and  this 
folubility  varies  accordingly  as  the  quantity 
of  cretaceous  acid  is  greater  or  lefs.  If  it 
be  mixed  with  a  fmall  quantity  of  water,  it 
forms  a  kind  of  pafte,  which  is  fcarcely 
dud:ile,  and  dries  without  becoming  firm,  or 
contrafting  in  its  dimenfions.  Common  mag- 
nefia is  foluble  in  the  proportion  of  about  a 
quarter  of  a  grain  to  an  ounce  of  the  fluid,  as 
may  be  afcertained  by  evaporation.  But  there 
are  means  of  diflblving  magnefia  in  much 
greater  quantities,  as  we  fhall  prefently  ob- 
ferve. 

Cretaceous  magnefia  is  not  decompofed  by 
the  pure  vitrifiable  or  argillaceous  earths  ; 
lime  deprives  it  of  its  acid  by  greater  affinity. 
Lime-water  poured  into  a  folution  of  creta- 
ceous magnefia,  occafions  a  very  fenfible  pre- 
cipitate, however  fmall  the  quantity  of  this 
neutral  fait  may  be.     The  precipitate  con- 

fifts 
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fifts  of  chalk,  and  a  fmall  quantity  of  pure 
magnefia,  which  is  nearly  infoluble. 

Pure  fixed  and  volatile  alkalis  decompofe 
it  likewife,  on  account  of  their  ftronger  affi- 
nity with  the  cretaceous  acid.  In  thefe  mix- 
tures cretaceous  tartar,  cretaceous  foda,  or 
cretaceous  fal-ammoniac,  are  formed,  and 
the  pure  magnefia  is  precipitated. 

The  vitriolic,  nitrous,  and  marine  acids, 
decompofe  cretaceous  magnefia,  and  render 
the  analyfis  of  this  neutral  fait  complete. 
They  unite  to  magnefia,  with  which  they 
have  a  ftronger  affinity  than  the  cretaceous 
acid,  and  difengage  the  latter  in  the  aerial 
form.  The  cretaceous  acid  may  be  known 
by  its  ufual  characters.  Mr.  Butini  has  ob- 
ferved  that  the  acids  difengage  lefs  fixed  air 
than  is  extricated  by  the  aftion  of  fire ;.  for 
example,  the  marine  acid  difengages  more 
than  the  nitrous,  and  the  nitrous  more  than 
the  vitriolic.  Whence  he  concludes,  that 
the  neutral  falts,  formed  by  magnefia  with 
acids,  retain  a  portion  of  cretaceous  acid. 

The  cretaceous  acid  renders  effervefcent 
magnefia  much  more  foluble  than  it  is  na- 
turally. The  new  experiments  of  Mr.  Bu- 
tini depend  chiefly  on  this  circumfl:ance. 
He  has  difcovered,  that  when  common  mag- 
nefia, which  is  not  faturated  with  the  cre- 
taceous acid,  is  thrown  into  gafeous  water, 
or  acid  fpirit  of  chalk,  the  magnefia  imme- 
diately becomes  faturated,  by  depriving  the 

water 
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water  of  a  portion  of  the  acid,  and  is  not 
diflblved,  unlefs  the  water  likewife  contain  a 
large  quantity  of  the  fame  acid.  This  folu- 
tion  converts  fyrup  of  violets  to  a  green. 
When  expofed  to  the  cold,  it  lofes  its  fuper- 
abundant  air,  but  without  any  feparation  of 
the  magnefia,  which  remains  perfectly  com- 
bined, even  w^hen  the  water  is  frozen.  If 
a  folution  of  magnelia  with  excefs  of  acid 
be  heated,  it  becomes  clouded,  and  refumes 
a  kind  of  tranfparency  by  cooling.  This 
fmgular  phengmenon  prefents,  as  Mr.  Bu- 
tini  has  well  obferved,  a  new  kind  of  fait, 
whofe  charadler  is  that  of  being  more  folu- 
ble  in  cold  than  in  hot  water.  In.  order  to 
obferve  the  tranfition  from  opacity  to  tran- 
sparency by  cooling,  the  fame  chemift  di- 
rects to  take  a  folution,  which  contains  two 
grains  per  ounce,  and  to  heat  it  to  170  degrees 
of  Fahrenheit's  thermometer  :  it  then  be- 
comes of  a  milky  appearance,  and  all  the 
magnelia,  which  precipitated  by  heat,  is  re- 
diffolved  by  cooling. 

Bergman  having  affirmed,  that  the  folution 
of  magnefia  by  the  cretaceous  acid,  afforded 
by  flow  evaporation,  cryltals,  fome  of  which 
are  in  tranfparent  grains,  and  others  refem- 
bling  two  coUedlions  of  radii  diverging  from 
the  fame  point;  Mr.  Butini  obferved  the 
phenomena  of  this  cryftallization  with  great 
care.  He  evaporated,  by  the  gentle  heat  of 
a  lamp,  a  folution  charged  with  nine  grains 

of 
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of  the  fait  per  ounce  of  water.  A  pellicle 
was  firft  formed  at  the  top,  whofe  under 
furface,  as  well  as  the  fides  of  the  veffel,  had 
many  tufts  of  cryflals  adhered  to  it.  The 
refidue  prefented  brilliant  needles,  compoling 
fmall  hemifpheric  maffes  of  diverging  fibres. 
Thefe  needles,  which  were  not  a  line  in 
length,  being  examined  by  the  microfcope, 
were  found  to  be  long  fix- tided  prifms,  trun- 
cated by  a  hexagon,  and  refembling  fome 
Ipars. 

Mr.  Butini  has  likewife  difcovered  another 
method  of  cryftallizing  cretaceous  magnefia; 
it  confifts  in  expofing  to  the  air  the  folution 
precipitated  by  heat.  At  the  end  of  a  few 
days  cryftals  are  obtained  fimilar  to  thofe 
afforded  by  evaporation.  Magnefia  precipi- 
tated from  Epfom  fait  by  cretaceous  tartar, 
and  dried,  affords  no  cryfi;als ;  but  when  it 
is  mixed  in  water,  flocks  of  an  irregular 
figure  are  formed;  but  a  folution  of  Epfom 
fait  newly  precipitated  by  fixed  alkalis,  af- 
fords needle-form  cryftals  at  the  end  of  fome 
days.  The  fame  folution,  feparated  from  its 
precipitate  by  the  filtre,  likewife  afforded 
needles  of  magnefia.  I  have  often  obferved 
that  a  folution  of  cretaceous  magnefia  pre- 
pared for  chemical  experiments,  and  pre- 
ferved  in  well-clofed  glafs  veffels,  affords  at 
the  end  of  a  certain  time,  a  large  quantity  of 
very  fine  brilliant  needles,  which  examined 

by 


CRETACEOUS    MAGNESIA.  22^ 

by  the  magnifier,  were  found  to  be  fix-fided 
prifms. 

Perfeft  neutral  falts  and  cretaceous  mag- 
nefia  experience  no  change  by  folution  in 
the  fame  water;  excepting  only  that  they 
increafe  the  folubility  of  the  latter  in  water, 
according  to  Mr.  Butini.  Cretaceous  tartar, 
however,   deprives  it  of  this  property. 

Calcareous  neutral  falts  are  decompofed 
by  double  affinity  by  effervefcent  magnefia. 
As  lime  has  a  ftronger  affinity  with  acids 
than  magnefia,  the  decompofitions  muft 
take  place,  in  confequence  of  the  pre- 
fence  of  cretaceous  acid,  to  which  lime  has 
a  ftrong  affinity,  and  quits  its  acid  to  feize 
this,  provided  another  body  be  prefent  with 
which  the  difengaged  acid  can  combine. 
Confequently  when  a  folution  of  cretaceous 
magnefia  is  poured  into  a  folution  of  fele- 
nite,  calcareous  nitre,  or  calcareous  marine 
fait,  the  vitriolic,  nitrous,  or  marine  acid, 
quits  the  lime  to  unite  with  the  magnefia, 
with  which  it  forms  Epfom  fait,  or  nitre  or 
marine  fait  with  bafe  of  magnefia,  while 
the  lime  combining  with  the  cretaceous  acid 
is  precipitated  in  the  form  of  chalk. 

Magnefia  therefore  ads  in  the  fame  man- 
ner as  volatile  alkali.  When  either  of  thefe 
are  pure  and  caufi:ic,  they  cannot  decompofe 
calcareous  falts,  becaufe  of  the  greater  affi- 
nity of  the  lime  to  acids.  But  when  they 
are  united  to  fixed  air  or  cretaceous  acid. 

Vol.  II.  P  they 
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they  then  effedl  the  decompofition  by  double 
affinity. 

Cretaceous  magnefia  is  ufed  in  medicine  j 
it  was  formerly  made  with  the  mother  water 
of  nitre  evaporated  to  drynefs,  or  precipitated 
by  fixed  alkali ;  it  was  firft  known  by  the 
name  of  white  magnefia.  Count  Palma's  pow- 
der, powder  of  Sentinelli.  It  has  likewife 
been  called  laxative  polychreft  powder  by  Va- 
lentini,  white  magnefia  of  nitre,  magnefia  of 
common  fait,  becaufe  it  was  likewife  obtain- 
ed from  the  mother  water  of  this  laft  fait. 
But  the  medicine,  fo  prepared,  always  con- 
tains calcareous  earth,  and  other  foreign 
fubfl:ances.  The  magnefia  at  prefent  ufed  is 
commonly  precipitated  from  Epfom  fait  by 
fixed  alkali.  Mr.  Butini  has  defcribed  a 
procefs  for  obtaining  very  fine  magnefia  in 
the  greatefi:  pofiible  quantity  :  a  certain  quan- 
tity of  vegetable  alkali  is  diflblved  in  double 
its  weight  of  cold  water,  and  expofed  to  the 
air  for  fome  months,  if  time  permits,  that 
it  may  abforb  cretaceous  acid  from  the  at- 
mofphere.  This  being  filtered,  a  folution 
of  an  equal  v/eight  of  Epfom  fait  in  four  or 
five  times  its  weight  of  water  is  made  ;  the 
folution  is  filtered,  and  frefh  water  added  in 
about  fifteen  times  the  weight  of  the  fait. 
This  iiqiior  is  heated,  and  when  it  boils, 
the  alkaline  folution  is  poured  in.  A  pre- 
cipitate of  magnefia  being  formed,  the  mix- 
ture muft  be  agitated  and  poured  on  a  filter 

of 
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of  paper.     The  precipitate  muft  be  waflied 
on  the  filter  with  boiling  water,  to  carry  off 
the  vitriolated  tartar  it  may  contain.     It  is 
then  taken  from  the  filter,  and  thinly  fpread  on 
papers,  to  dry  by  the  heat  of  a  ftove  ;  when 
dry,  it  is  in  white  pieces,  eafily  broken  into  a 
very  fine  powder,  which  adheres  to  the  ikin. 
Cretaceous  magnefia  as   a  purge  is  to  be 
preferred  to  that  which  is  cauftir,  becaufe  it 
is  much  more  foluble;  it  is  given  in  the 
dofe  of  one  or  two  ounces  according  to  cir- 
cumftances.     Cauftic  magnefia,  on  the  con- 
trary, is  preferable  as  an  abforbent,  and  it  is 
therefore  necefl^ary  to  be  provided  with  both  • 
the  principal  reafon  of  this  preference  of  each, 
and  theneceflity  of  keeping  both  kinds  of  mag- 
nefia in  the  fhops,  has  been  well  explained  by 
Macquer,  in  a  paper  prefented  to  the  Royal 
Society  of  Medicine.     When   magnefia    is 
adminifl:ered  as  an  abforbent,  it  is  intended 
to  defl:roy  and  neutralize  a  difengaged  acid 
in    the  firfl:  paflages,  as   happens  with   in- 
fants, young    girls,    women    in   child-bed, 
&c.     The  acid  in  the  fi:omach  is  certainly 
ftronger  than   the  cretaceous  acid;  fo  that 
when  cretaceous  magnefia  is  taken,  it  produces 
an  eff*ervefcence  proportional  to  the  quantity 
of  difengaged  acid  in  the  firfl:  pafl^ages.     The 
cretaceous    acid,    during  this  effervefcence, 
difl:ends   the  fl:omach,    and  often    occjifions 
pain,    naufea,    vomit* -^gs,    difficulty    of  re- 
fpiration,  and  many  other  fpafmodic  acci-^ 
P  2  dents. 
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dents,  according  to  the  fenfibility  of  the 
fubjcdl.  In  thefe  circumftances  the  pure 
magnefia  is  greatly  to  be  preferred,  as  it  ab- 
forbs  acidities  with  equal  readinefs,  and  oc- 
cafions  no  efFervefcence. 

When  on  the  contrary  magnefia  is  to  be  given 
as  a  purge,  and  in  cafes  where  there  are  no 
fymptoms  of  acidity  in  the  firft  pafTages,  the 
cretaceous  magnefia  may  be  ufed.  The  acid 
is  not  then  difengaged,  and  confequently  the 
accidents  to  be  feared  from  tha^  circumftance 
do  not  take  place. 

Mr.  Butini  propofes  an  artificial  mineral 
water  made  with  gafeous  water  charged  with 
magnefia ;  he  obferves  that  fuch  a  fluid  may 
contain  three  drams  of  magnefian  earth  in 
the  pound,  and  is  not  more  difficult  to  pre- 
pare than  the  other  artificial  mineral  waters. 
The  manipulation  is  abfolutely  the  fame  in 
both,  and  there  is  no  doubt  but  it  might  in 
many  cafes  be  ufed  with  fuccefs. 


CHAP.      IX 


Genus  V.   Argillaceous  Neutral 
Salts,  or  Aluminous  Salts. 

VERY  pure  clay  combines  well  with  mofl 
acids,  and  produces   neutral  falts,  dif- 
tinguiflied  by  the  appellation  argillaceous  or 

aluminous. 
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aluminous.  This  genus  of  faline  matters, 
if  we  except  the  firft  fpecies,  has  not  yet 
been  examined  by  chemifts  with  fufficient 
care,  and  therefore  their  properties  are  lefs 
known  than  thofe  of  the  four  preceding  ge- 
nera. Argillaceous  falts  are  in  general  lefs 
perfed:  than  all  the  neutral  falts  we  have  yet 
fpoken  of.  They  yield  their  acids  to  fixed 
and  volatile  alkalis,  ponderous  earth,  and 
magnefia :  their  tafte  is  acrid,  and  aftrin- 
gent. 

The  prefent  genus  comprehends  fix  fpe- 
cies ;  alum,  argillaceous  nitre,  argillaceous 
marine  fait,  argillaceous  borax,  fparry  clay, 
and  cretaceous  clay. 

Species  I.     Vitriol  of  Clay;  Alum. 

Alum  is  a  neutral  fait,  formed  by  the  com- 
bination of  the  vitriolic  acid  with  pure  clay, 
and  may  therefore  be  named  vitriol  of  clay. 
Chemifts  have  not  always  been  agreed  con- 
cerning the  bafe  of  alum ;  fome  chemifts 
have  called  it  by  the  peculiar  name  of  alu- 
minous earth,  or  earth  of  alum.  Margraaf 
has  fliewn,  that  earth  of  alum,  kneaded  up 
with  filex  in  fine  powder,  forms  clay.  Hel- 
lot,  GeofFroy,  Pott,  and  efpecially  Baume, 
have  formed  true  alum  with  clay  and  the 
vitriolic  acid.  And  if  the  true  charadlers  of 
clay  are  to  become  ductile  with  water,  to 
contrad:  and  become  hard  by  heat,  the  alu- 
P  3  minous 
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minous  earth  having  all  thefe  properties  in 
the  moft  eminent  degree,  ought  to  be  re- 
garded as  the  pureft  clay.  This  opinion  is 
at  prefent  univerfally  admitted  among  che- 
mifts. 

Alum  has  a  tafte  at  iirft  fweetifh,  and  af- 
terwards ftrongly  aftringent;  it  reddens  blue 
paper ;  whence  it  appears  that  a  portion  of 
its  acid  is  unfaturated  :  it  affumes  avery  re- 
gular form,  hereafter  to  be  defcribed. 

Alum  is  fcarcely  ever  found  pure  in  na- 
ture 'y  it  is  fometimes  found  in  the  neigh- 
bourhood of  volcanos,  but  always  mixed 
with  argillaceous  earth.  Mineralogifts,  efpe- 
cially  Wallerius,  have  diftinguifhed  feveral 
fpecies  of  native  alum,  fuch  as  the  folid 
alum,  cryftalli^ed  alum,  alum  in  effloref- 
cence,  white,  grey,  brown,  black,  alumi- 
nous earths,  aluminous  fliifti. 

Several  fpecies  of  alum  are  found  in  com- 
merce. 

1,  Rock  alum,  in  confiderable  mafles; 
tranfparent.  Bergman  thinks  that  this  name 
is  derived  from  the  city  of  Rocca,  in  Syria, 
now  called  Edeffa,  where  the  moft  ancient 
manufadure  of  this  fait  was  eftabliflied,  and 
not  bccaufe  its  form  refembles  a  rock,  or 
ilone,  or  becaufe  it  is  obtained  from  rocks 
or  ftones,  as  feveral  authors  have  affirmed. 
This  fpecies  of  alum  is  very  impure. 

2.  Roman  alum,  which  is  prepared  in  the 
territory   of  Civita  V^ecchia,    and   obtained 

from 
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from  a  place,  named  in  Italian,  Alumlniere 
della  Tolfa.  This  alum  is  in  pieces  of  the 
fize  of  eggs ;  it  is  covered  with  a  reddifli 
efflorefcence,  and  is  fuppofed  to  be  pure 
when  that  efflorefcence  is  feparated. 

3.  Naples  alum,  extradled  from  a  pecu- 
liar earth  at  the  Solfatara;  it  is  in  larger 
mafles  than  the  Roman  alum,  and  one  of 
its  furfaces  is  covered  v/ith  pyramidal  cryf- 
tals. 

4.  Alum  from  Smyrna.  The  mofl  an- 
cient manufa(5lures  of  alum  appear  to  have 
been  eflabliflied  near  Smyrna  and  Conftanti- 
nople.  This  alum  is  only  found  in  cabinets 
of  natural  hiftory. 

5.  Alum  made  in  France.  It  is  prepared 
in  many  manufadlories,  efpecially  at  Javel, 
near  Paris  :  it  is  found  in  efflorefcent  ihifti. 
I  have  extracted  a  confiderable  quantity  from 
an  earth  fent  to  me  out  of  Auvergne.  This 
fait  may  be  extracfled  from  many  lubftances 
of  the  like  nature  found  in  France,  by  which 
means  we  might  take  this  branch  of  trade 
out  of  the  hands  of  foreigners. 

6.  Alum  is  likewife  extracTied  from  earths 
and  ftones  in  many  parts  of  Germany,  where 
there  have  been  manufadlories  fmcc  the  year 
1544;  and  alio  in  England,  Spain,  Sweden, 
and  in  moft  parts  of  Europe. 

Beckman  has  written   the   hiilory  of  the 

manufacture  of  alum,  in  a  long  diflertation, 

v/hich  may  be  feen   in  the  Gottingen  Acts. 

P  4  From 
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From  the  inquiries  of  this  learned  man  it 
appears,  that  the  orientals  were  the  firft 
who  prepared  or  extracted  alum  from  what 
the  ancients,  and  Pliny  in  particular,  called 
chifton,  trichites,  calchites,  and  which  they 
feem  to  have  confounded  with  the  alum^ 
and  the  ^tv^tt^^ia  of  the  Greeks  appears  ra- 
ther toranfwer  to  the  different  ftates  of  mar-r 
tial  vitriol,  or  green  copperas.  The  Italians 
took  the  alum  manufad:ures  in  the  neigh- 
bourhood of  Conftantinople  on  leafe :  about 
the  year  1459,  Bartholomew  Perdix,  or  Per- 
nix,  a  Genoefe,  difcovered  alum  ore  in  the 
ifland  of  Ifchia ;  about  which  time  Juan  de 
Caftro  founded  another  at  La  Tolfa  -,  and  ^ 
great  number  of  manufactories  were  foon 
after  eftablifhed  in  Italy,  more  efpecially 
when  Pope  Pius  II.  prohibited  the  impor- 
portation  of  alum  from  the  eaft.  This  art 
was  afterwards  carried  into  Spain,  Germany, 
England,  and  Sweden,  towards  the  begin- 
ning of  the  feventeenth  century,  (V.  Beck- 
man.) 

The  preparation  of  alum  varies  greats 
ly  in  different  countries,  and  according  to 
the  different  matters  from  which  it  is  ob- 
tained. Bergman,  who  has  written  ^  very 
valuable  differtation  on  this  fubjedl,  divides 
the  fubflances,  commonly  called  alum  ores, 
into  two  fpecies,  namely,  fuch  as  contain  alum 
ready  formed,  and  fuch  as  contain  only  its 
principles.  The  firft  require  only  to  be 
lixiviated,  in  order  to  obtain  the  alum  :  the 

earth 
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earth  of  Solfatara  is  of  this  kind,  as  is  like- 
wife  that  of  Auvergne,  before  fpoken  of. 
It  is  mixed  with  water,  in  leaden  caldrons 
funk  in  the  earth  ;  the  natural  heat  of  the 
foil  favours  the  folution  and  cryflallizatioa 
of  the  alum,  which  is  purified  by  a  fecond 
folution  in  water.  The  alum  earth  of  Au- 
vergne might  be  lixiviated  in  the  fame  man- 
ner, and  the  alum  made  to  cryftallize  in. 
leaden  caldrons  by  evaporation. 

The  natural  fubflances,  which  contain 
only  the  principles  of  alum,  are  much  more 
common  than  the  foregoing,  and  require 
previous  preparation.  It  is  neceflary  either 
to  calcine  them,  or  to  expofe  them  to  the 
air,  according  to  their  refpedive  nature.  The 
aluminous  fhifli  muft  be  calcined,  in  order  to 
burn  the  bitumen  which  colours  them,  and 
to  decompofe  the  pyrites,  which  afford  the 
alum.  Bergman  found,  that  this  fhiftus 
does  not  afford  a  particle  of  alum  by  wafh- 
ing  with  water  before  it  is  calcined.  Ex- 
pofure  to  air  produces  the  fame  efFedl  on 
pure  pyrites,  fprinkled  with  water.  The 
fpontaneous  decompofition  of  thefe  fub- 
flances produces  vitriolic  acid,  which  unites 
with  the  clay,  and  forms  alum.  The  pyrites, 
fallen  into  efflorefcence,  are  lixiviated  with 
water,  and  the  iron  it  contains  is  fufFered  to 
fubfide;  after  which  it  is  evaporated,  and 
fet  to  cryftallize  in  cafks  :  the  fait  is  depo- 
fited  in  large  cryftals.     Strong  foap  lye  is 

fome- 
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fometimes  ufed  to  forward  the  cryftalliza- 
tion.  Such  is  the  procefs  ufed  in  many 
manufaftories ;  but  thefe  alums  obtained 
from  pyrites  always  contain  iron  ^  that  which 
is  extraded  from  ftones,  in  which  it  exifls 
ready  formed,  as  the  Roman  alum,  is  much 
purer.  The  alum  formed  by  the  dircdt 
combination  of  the  vitriolic  acid  w^ith  clay, 
is  often  mixed  with  a  certain  quantity  of 
iron,  becaufe  the  coloured  clay  ufed  in  the 
preparation  always  contains  a  portion  of  that 
metal. 

Alum,  regularly  cryftallized,  is  a  perfed: 
odlahedron,  con  filling  of  two  tetrahedral 
pyramids,  united  at  their  bafes.  This  form 
varies  greatly,  according  to  the  circumftances 
in  which  the  cryftallization  is  performed ; 
the  odahedron  being  more  or  lefs  truncat- 
ed irregular,  acute,  flattened,  and  the  cryf- 
tals  are  often  joined,  and  as  it  were  included 
one  within  another.  Mr.  Rome  de  Lifle  has 
carefully  defcribed  all  thefe  varieties,  in  the 
late  edition  of  his  Cryftallographie. 

Alum  melts  with  a  mild  heat,  emitting 
abundance  of  aqueous  vapours,  at  the  fame 
time  that  it  fwells  up^  and  becomes  con- 
verted into  a  very  large  light  mafs,  of  an 
opake  white,  v/ith  a  great  number  of  cavi- 
ties. This  phenomenon  is  produced,  as  in 
borax,  by  the  difengagement  of  water,  whofe 
vapour  blows  up  and  extends  the  faline 
jnafs.  The  alum  in  this  ftatc  is  called  cal- 
cined 


ALUM.  235 

cined  alum,  and  weighs  little  more  than 
half  its  former  weight.  It  is  fomewhat  al- 
tered ;  reddens  the  fyrup  of  violets ;  has  a 
ftronger  tafte ;  and  appears  to  have  its  acid 
more  concentrated  or  difengaged.  If  it  be 
diffolved  in  water,  a  fmall  quantity  of  earth 
precipitates  :  it  may  be  cryftallized,  but  it 
fcarcely  fwells  at  all  on  being  calcined  a  fe- 
cond  time,  as  Mr.  Baume  obferves.  If  alum 
be  calcined  in  an  apparatus  for  diftillation, 
water  is  obtained,  which,  towards  the  end, 
becomes  acid;  but  it  cannot  be  intirely  de- 
compofed,  iince  GeofFroy  kept  it  in  a  retort 
in  a  fire  of  the  utmoil  violence  for  three  days 
and  three  nights,  without  producing  any  re- 
markable alteration.  Yet  there  is  reafon  to 
think,  that  the  changes  produceable  in  alum 
by  a  long  continued  heat  have  not  yet  been 
properly  examined  into. 

Alum  flowly  efflorefces  in  the  air,  and 
lofes  its  water  of  cryftallization.  This  fait 
is  not  very  foluble  in  cold  water,  fince  two 
pounds  of  that  fluid  difiblved  no  more  than 
fourteen  drachms  of  alum,  according  to  Mr, 
Baume ;  but  boiling  w^ater  diffolves  more 
than  half  its  weight,  eight  ounces  of  water 
in  this  ftate  diffblving  five  ounces  of  the  fait. 
It  cryftallizes  very  well  by  cooling.  Its 
cryftals  are  triangular  pyramids,  with  trun- 
cated angles.  When  they  are  depofited  on 
threads  in  the  middle  of  the  folution,  very 
regular  odahedrons  are  formed,  whofe  py- 
ramids 
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ramids  are  obliquely  truncated  at  the  middle, 
between  the  vertex  and  the  bafe. 

Siliceous  earth  does  not  fenfibly  afFedl  this 
fait.  It  may,  however,  be  united  to  a  much 
larger  quantity  of  pure  clay  than  it  com- 
monly contains.*  By  this  addition,  its  pro^ 
perties  approach  to  thofe  of  clay,  as  Mr, 
Baume  has  obferved.  To  faturate  alum 
with  its  earth,  a  folution  of  this  fait  muft 
be  boiled  with  very  pure  clay,  and  the  mix- 
ture kept  heated  till  it  has  loft  the  ftyptic 
tafte  of  alum.  If  the  combination  be  well 
made,  its  tafte  is  infipid,  fweetifh,  and 
earthy.  Mr.  Baum^  obferyes,  that  by  eva- 
poration it  affords  leaves,  or  plates,  refem- 
bling  mica.  The  Due  de  Chaulne  having 
expofed  for  a  long  time  to  the  air  a  lixivium 
of  alum,  faturated  with  its  earth,  found 
very  regular  cubical  cryftals  at  the  end  of 
fome  months.  It  is  found  that  alum,  fatu- 
rated with  its  earth,  cannot  be  eafily  reduced 
to  its  original  ftate  of  alum. 

Alum  is  decompofable  by  ponderous  earth 
and  magnelia,  which  have  a  ftronger  affinity 
than  clay  to  the  vitriolic  acid.  Ponderous 
fpar  and  Epfom  fait  are  produced  in  thefe  de- 
compolitions, 

*  The  clay  is  here  fuppofed  to  be  very  pure,  and  fepa- 
rated  by  warning  from  the  filiceous  e^rth,  which  it  often 
contains  in  fuch  large  quantities,  as  to  compofe  more  than 
half  its  weight,  as  we  have  obferved  in  the  hiftory  of  this 
earth.     Note  of  the  Author • 

Lime- 
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Lime-water  poured  on  a  folution  of  this 
neutral  fait  precipitates  its  argillaceous  bafe; 
fixed  and  volatile  alkalis  have  likewife  the 
property  of  decompofing  it.  Cretaceous 
tartar,  cretaceous  foda,  cretaceous  ammoni- 
acal  fait,  chalk,  and  effervefcent  magnefia, 
likewife  feparate  the  clay,  which  retains  a 
portion  of  the  cretaceous  acid,  if  the  preci- 
pitation be  made  in  the  cold.  But  I  have 
obferved,  that  the  mixture  of  a  hot  folution 
of  alum  with  hot  folutions  of  cretaceous 
alkalis,  is  attended  with  effervefcence  and 
difengagement  of  cretaceous  gas. 

Earth  of  alum  precipitated  by  thefe  dif- 
ferent fubftances  very  gradually,  has  the  form 
of  flocks.  When  gently  dried,  it  is  very 
white ;  and  decrepitates  or  flies  to  pieces  in 
the  fire,  like  clays.  A  ftrong  heat  gives  it  a 
very  confiderable  degree  of  hardnefs,  at  the 
fame  time  caufingit  to  contract  much  in  all  its 
dimenfions.  It  is  not  fufible  in  the  ftrongefl 
heat,  not  excepting  that  of  the  focus  of  the  lens 
of  the  garden  De  Tlnfante.  It  retains  the  laft 
portions  of  moiflure  with  fuch  force,  as  not  to 
be  deprived  of  it,  but  by  the  moil  violent 
heat.  It  may  be  formed  into  a  pafle  with 
water,  which  may  be  baked  into  porcelain 
of  an  excellent  quality.  Aluminous  earth 
has  therefore  all  the  charad:ers  of  argillace- 
ous earths,  and  is  the  purefl  clay  which  can 
be  procured,  as  Macquer  obferves. 

The  efFeits  of  ponderous  earth,  magnefia, 

lime. 
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lime,  and  pure  alkalis,  on  the  earth  of  alum, 
are  not  well  known  :  it  is  probable  that  thefe 
fubftances,  efpecially  the  laft,  would  convert 
it  into  a  vitreous  frit  by  fire.  Mr.  Achard 
has  made  a  feries  of  experiments,  which 
prove  this  affertion.  The  colour,  tranfpa- 
rency,  hardnefs,  and  all  the  properties  of 
this  kind  of  glafs  vary  according  to  the  re- 
lative proportions  of  the  fubftances  which 
enter  into  its  compolition,  as  the  difTertation 
of  that  chemift  fhev/s. 

The  vitriolic  acid  readily  diffolves  the 
earth  of  alum  when  moift,  and  newly  ob- 
tained, but  does  not  ad:  with  equal  rapidity 
when  it  is  dry.  This  folution  in  the  quan- 
tity of  many  ounces  affords  cryftals  of  alum, 
mixed  with  fmall  plates  or  fcales,  fimilar  to 
thofe  of  mica.  Mr.  Baume  adds,  that  if 
this  experiment  be  made  in  the  fmall  way, 
the  fcaly  fubftance  only  is  obtained,  and 
fcarcely  any  alum  j_  other  acids  likewife  dif- 
folve  this  earth,  and  form  falts  little  known, 
which  we  (hall  mention  in  the  following  ar- 
ticles. 

The  adtion  of  aluminous  earth  on  neutral 
falts,  has  not  been  enquired  into.  But  the 
moft  lingular  property  it  exhibits,  is  that  of 
combining  by  excefs  to  alum,  and  of  giving 
it  new  characters,  as  we  have  already  ob-» 
ferved.  Mr.  Baume,  the  difcoverer  of  this 
fadl,  boiled  a  folution  of  alum  with  the  earth 
precipitated  from  another  portion  of  alum, 

,by 


ALUM.  239 

by  means  of  fixed  alkali ;  the  earth  was  dif- 
folved  with  effervefcence,  the  filtrated  folu- 
tion  had  no  longer  the  tafte  of  alum,  but 
that  of  a  hard  water,  did  not  redden  the 
tindlure  of  turnfole,  but  converted  fyrup  of 
violets  to  a  green.  By  fpontaneous  evapora- 
tion it  afforded  cryftals,  fcaly  and  foft  to  the 
touch  like  mica.  Mr.  Baume  compares  them 
to  felenite;  it  is  not  eafy  to  compofe  alum 
by  adding  vitriolic  acid  to  this  faturated  fait, 
the  mixture  becoming  acid,  but  not  ftyptic. 
However,  after  fpontaneous  evaporation  for 
three  months,  the  folution  afforded  cryftals 
of  alum  mixed  with  fome  micaceous  fcales, 
fimilar  to  thofe  afforded  by  alum  faturated 
with  its  earth.  Thefe  are  the  refults  of  the 
experimental  enquiry  of  Meffrs.  Macquer 
and  Baume  into  the  nature  of  the  earth  of 
alum. 

Alum  heated  with  combuftible  matters 
forms  a  fubftance  which -takes  fire  on  expo- 
fure  to  air,  and  is  called  the  phofphorus  of 
Homberg.  This  chemift,  V/ho  published  an 
account  of  the  pyrophorus,  in  the  year  171  r, 
made  experiments  on  human  excrement  for 
the  purpofe  of  obtaining  a  colourlefs  oil  pof- 
feffing  the  property  of  fixing  mercury  into 
fine  filver  ;  the  enquiry  produced  many  dif- 
coveries ;  the  refidue  of  this  animal  fub- 
ftance diftilled  with  alum,  took  fire  on  ex- 
pofure  to  the  air.  Homberg  repeated  this 
experiment  a  number  of  tlme5,  and  always 

with 
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with  Aiccefs.     Lemery  the  younger,  in  the 
years    17 14  and    171 5ik  publiftied  two  Me- 
moirs, in  which  he  affirms,  that  pyrophorus 
may  be  made  with  a  great  number  of  vege- 
table  and   animal    fubftances    heated    with 
alum.  But  he  did  not  fucceed  in  his  attempts 
to  form  it,  with  many  other  vitriolic  falts. 
Thefe  two  chemifts,  who  fuppofed  alum  to 
be  a  combination  of  the  vitriolic  acid  and 
calcareous  earth,  imagined  that  the  latter  be-  ' 
ing  converted  into  lime  attrafted  the  humi-^ 
dity  of  the  air,  and  produced  a  degree  of 
heat  fufficient   to    fet  fire   to    the   fulphur . 
formed  by  the  vitriolic  acid  and  inflamma- 
ble fubftances. 

Since  the  time  of  thefe  chemifts,  Le  Jay 
de  Savigny,  Doftor  of  Medicine,  has  pub- 
lifhed  excellent  Memoirs  concerning  Py- 
rophorus, in  the  third  volume  of  the  Me* 
moires  de  S9avans  Etrangers;  wherein  he 
defcribes  a  great  number  of  experiments  by 
which  pyrophorus  was  made,  not  only  with 
alum  and  different  combuftible  bodies,  as 
Lemery  has  done,  but  likewife  with  moft 
falts  that  contain  the  vitriolic  acid.  This 
phyfician  likewife  propofed  a  theory  of  the 
inflammation  of  pyrophorus  expofed  to  air, 
which  has  been  univerfally  received  till  very 
lately.  He  thinks  that  pyrophorus  contains 
glacial  oil  of  vitriol,  which  attradliog  the 
humidity  of  the  air,  and  becoming  ftrongly 
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heated,  inflames  the  fulphur,  and  produces 
the  fpontaneous  inflammation. 

Pyrophorus  is  ufually  prepared  by  melting 
three  parts  of  alum  with  one  of  fugar,  honey, 
or  flour,  in  an  iron  ladle.  The  mixture  is 
dried  till  it  becomes  blackifli,  and  has  ceafed 
to  fmell.  It  is  then  pulverized,  and  put 
into  a  matrafs  or  phial  fl:opped  with  earth, 
which  is  placed  in  a  crucible  filled  with  fand. 
Heat  is  applied  till  a  blueifh  flame  appears  to 
ifliie  out  of  the  neck  of  the  phial.  After 
this  has  continued  feveral  minutes,  the  cru- 
cible is  taken  out  of  the  fire ;  and  when  the 
whole  is  cool,  the  pyrophorus  is  poured 
quickly  into  a  dry  bottle,  which  is  immedi- 
ately well  clofed.  This  pyrophorus  on  ex- 
pofure  to  air  takes  fire  the  more  quickly  in 
proportion  as  the  air  is  more  humid.  The 
combufl:ion  is  haft;ened  by  any  humid  va- 
pour, fuch  as  that  of  the  breath.  If  the 
pyrophorus  be  heated  for  too  long  a  time, 
it  will  not  take  fire.  When  kept  in  an  im- 
perfedlly  clofed  vefl^el,  it  gradually  attracts 
humidity,  and  lofes  its  power  of  fpontane- 
ous inflammation  ;  but  this  may  be  refl:ored 
by  calcining  it  again  with  the  precautions 
before-mentioned. 

Such  was  the  ftate  of  our  knowledge  be- 
fore the  Memoirs  of  Mr.  Prouft  were  pub- 
lifhed  in  Journal  de  Medicine,  for  July, 
1778.  This  chemifl:  having  met  with  a 
great    number    of  pyrophoric    refidues,    in 

Vol.  II.  Q^  which 
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which  the  exigence  of  the  vitriolic  acid 
could  not  be  fufpcded,  concluded  that  the 
fpontaneous  inflammation  of  pyrophorus  is 
not  occalioned  by  that  acid.  By  a  very  Am- 
ple experiment  he  fliews,  that  it  does  not 
contain  a  particle  of  difengaged  vitriolic  acid 
at  liberty,  fince  he  finds  that  the  addition  of 
water  does  not  produce  heat.  From  the  enu- 
meration of  the  different  pyrophori  which  he 
obtained,  it  appears  that  all  fubflances  which 
after  this  decompofition  leave  a  carbonace- 
ous refidue,  divided  by  an  earth  or  metallic 
calx,  are  fufceptible  of  inflammation  by  ex- 
pofure  to  air.  But  it  cannot  be  faid  that 
any  part  of  Mr.  Prouft's  experiments,  which 
he  has  yet  communicated,  point  out  the 
caufe  of  the  inflammation  of  Romberg's  py- 
rophorus, which  according  to  him,  differs 
from  thofe  he  has  obferved.  His  memoirs, 
in  fadl,  teach  us  nothing  concerning  the 
fubftance  we  are  treating  of. 

Mr.  Bevi^ly,  an  Englifh  furgeon,  attributes 
the  inflammation  of  pyrophorus  to  a  fub- 
ftance capable  of  attracting  the  nitrous 
acid  of  the  atmofphere.  He  adopted  this 
opinion  on  difcovering,  that  fpirit  of  nitre 
immediately  inflames  pyrophorus  which  has 
not  been  fufficiently  calcined,  or  is  load- 
ed with  moifl:ure.  But  on  the  one  hand,  it 
is  not  proved  that  the  nitrous  acid  exifts 
ready  formed  in  the  atmofphere ;  and  on  the 
other  hand  Mr.  Prouft  has  difcovered  that 

the 
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the  Inflammation  of  pyrophoriis  by  the  fpirit 
of  nitre  ariies  from  the  coal  contained  in  the 
former,  lince  that  acid  detonates  with  all  dry 
carbonaceous  matters  in  a  ftate  of  extreme  di- 
viiion,  as  we  fliall  more  amply  explain  at  the 
article  charcoal.  Mr.  Bewly's  theory  does 
not  therefore  appear  more  fatisfadiory  than 
that  of  the  chemiils  who  preceded  him. 

The  caufe  of  this  phenomenon  can  only 
be  difcovered  by  an  accurate  inquiry  into 
the  chem.ical  nature  of  Romberg's  pyropho- 
rus.  It  appears  to  contain  earth  of  alum, 
carbonaceous  matter  in  a  ftate  of  extreme 
divifion  afforded  by  the  honey,  fugar,  &c.  a 
fmall  quantity  of  fixed  alkali  and  fulphur, 
partly  united  to  the  earth  of  alum,  and  partly 
to  fixed  alkali.  When  pyrophorus  is  ftrongly 
heated  in  the  pneumato-chemical  apparatus, 
a  large  quantity  of  hepatic  gas  is  obtained ; 
and  when  deprived  of  this,  it  is  found  to  be 
no  longer  inflammable  on  expofure  to  air. 
If  pyrophorus  be  immerfed  in  a  veffel  of 
vital  or  dephlogifticated  air,  it  burns  rapidly 
with  a  very  brilliant  red  flame.  By  wafhing 
this  fubftance  in  warm  water,  a  true  liver  of 
fulphur  is  afforded,  and  carbonaceous  matter 
wdth  earth  of  alum  are  left  on  the  filtre  : 
the  pyrophorus  is  then  decompofed.  Pyro- 
phorus after  combuftion  is  found  to  be  in- 
creafed  by  the  pure  air  abforbed  :  it  then 
affords  aljjm,  becaufe  the  fulphur  burned  by 
the  adion  of  the  air  forms  vitriolic  acid, 
0^2  which 
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which  unites  to  the  ahiminous  earth  ;  but 
this  fait  is  found  to  be  alum  faturated  with 
its  earth. 

The  Journal  de  Phyfique  for  November, 
1780,  contains  obfervations  on  pyrophorus ; 
in  which  it  is  affirmed,  i.  That  this  fub- 
ftance  owes  its  combulHbility  to  a  certain 
quantity  of  phofphorus  formed  by  the  acid 
of  mucilaginous  matters.  2.  That  pyropho- 
rus,  by  diftillation,  affords  from  five  to  itvea 
grains  of  phofphorus.  3.  That  pyrophorus 
may  be  immediately  formed  by  triturating 
in  an  iron  mortar  fifty-four  grains  of  flowers 
of  fulphur,  thirty-fix  of  very  dry  charcoal 
of  willow,  and  three  of  common  phofpho- 
rus. The  particulars  of  this  analyfis  does 
not  perfedily  juflify  the  conclufions ;  becaufe 
it  does  not  fhew  that  true  phofphorus  was 
obtained.  But  the  Memoir  contains  many 
interefl:ing  fadts  which  cannot  but  be  ufeful 
to  chemifts,  who  propofe  to  undertake  a 
courfe  of  experiments  on  the  nature  of  pyro- 
phorus. 

Alum  is  of  verv  extenfive  ufe  in  medicine  : 
it  is  employed  as  an  aftringent,  but  it  ought 
not  to  be  internally  adminiftered  without 
great  precaution  ;  it  is  moft  commonly  ap- 
plied externally  as  a  powerful  ftyptic  and 
deficcative,  with  which  intention  it  is  ufed 
in  the  compofition  of  plafters,  collyriums, 
&c.  ^ 

Alum  is  one  of  the  moft  ufeful  falts  in  the 

arts. 
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arts.  The  makers  of  candles  mix  it  with 
tallow  to  render  that  fubftance  firm  and  hard. 
Printers  rub  their  balls  with  calcined  alum, 
that  they  may  take  the  ink.  Wood  impreg- 
nated with  a  folution  of  alum  is  not  burned 
without  great  difficulty,  for  which  reafon  it 
has  been  propofed  as  a  means  of  fecuring 
edifices  from  the  effefts  of  fire  j  it  has  the 
fame  eifedl  on  paper,  which,  however,  be- 
comes yellow,  and  alters  in  a  fhort  time. 

Bleachers  throw  a  fmall  quantity  of  alum 
into  water,  to  render  it  clear.  Mr.  Baume 
fuppofes  that  the  fait  becomes  charged  with 
a  portion  of  the  earth  fufpended  in  that 
fluid,  and  forms  an  infoluble  compound, 
which  precipitates.  Some  ufe  this  method 
of  rendering  water  clear  for  drinking.  It 
is  alfo  ufed  in  the  preparation  of  fldns,  and 
to  impregnate  paper  and  cloths,  which  are 
intended  to  be  printed. 

A  folution  of  alum  retards  the  putrefac- 
tion of  animal  fubftances,  and  affords  a  very 
ufeful  as  well  as  oeconomical  means  of  pre- 
ferving  the  natural  productions  imported 
from  foreign  countries.  Earth  of  alum  is 
the  body  or  folid  matter  of  paftils  or  cray- 
ons. Laftly,  it  is  the  foul  of  the  art  of 
dying,  as  Macquer  calls  it ;  it  augments 
the  intenfity  and  brilliancy  of  colours,  and 
gives  folidity  to  colouring  extractive  matters, 
which  would  elfe  be  perifliable,  and  eafily 
difgharged  by  water.  This  lall  mentioned 
0^3  aftion 
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aftion  of  alum  on  vegetable  colouring  mat- 
ters fhall  be  examined  in  the  hiftory  of  thofe 
fubftances  j  where  it  will  be  {ttn  that  alum 
gives  them  folidity,  by  changing  their  na- 
ture, decompofing  them,  and  rendering  them 
infoluble  in  water. 


Species  II.    Argillaceous    Nitre,    or 
Nitrous  Alum. 

Mr.  Baume  affirms  that  the  nitrous  acid 
completely  diflblves  the  earth  of  alum.  This 
folution  is  limpid,  and  much  more  aftrin- 
gent  than  that  of  alum.  By  fpontaneous 
evaporation  it  affords  fmall  pyramidal  cryf- 
tals  very  ftyptic  and  deliquefcent.  The  other 
properties  of  this  fait  have  not  yet  been  exa- 
mined ;  and  it  is  only  known,  that  the  fame 
intermediums  decompofe  this  fait  and  alum. 
It  has  not  yet  been  found  in  nature,  but  is 
always  produced  by  art. 

Species  III.     Argillaceous  Marine 
Salt,  or  Marine  Alum. 

The  marine  acid  diffolves  clay  and  earth 
of  alum  more  readily  than  the  nitrous  acid. 
This  faturated  folution  is  gelatinous,  and 
cannot  be  filtered  without  dilution  in  a  large 
quantity  of  water.  Its  tafte  is  faline  and 
ftyptic  ;  it  reddens  fyrop  of  violets,  and  af- 
terwards converts  them  to  a  green.  By  fpon- 
taneous 
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taneous  evaporation  it  affords  very  ftyptic 
cryftals,  whole  form  has  not  been  examined. 
Lime-water  decompofes  it.  It  is  deliquef- 
cent,  and  is  always  produced  by  art ;  its  other 
properties  have  not  yet  been  difcovered. 

Species  IV.     Argillaceous  Borax. 

The  combination  of  fedative  fait  with  the 
earth  of  alum,  which  we  call  argillaceous 
borax,  and  may  likewife  be  diftinguifhed  by 
the  name  of  aluminous  borax,  has  not  yet 
been  obferved.  It  is  only  known,  that  if  a 
folution  of  borax  be  added  to  a  folution 
of  alum,  a  light  and  fleecy  precipitate  is 
formed.  The  vitriolic  acid  quits  the  clay  to 
unite  with  the  mineral  alkali  of  the  borax. 
This  earth  combines  with  the  fedative  fait, 
which  is  at  the  fame  time  feparated,  and  the 
new  fait  is  gradually  re-diifolved.  The  li- 
quid precipitated  by  fixed  alkali,  affords  by 
evaporation,  a  vifcid  and  aftringent  mafs,  in 
which  Glauber's  fait  and  argillaceous  borax 
are  confounded  together.  This  fpecies  of 
borax  is  decompofable  by  the  fame  fubflances 
as  alum  :  its  properties  have  not  yet  been 
ejiamined  with  fufficient  care. 

Species  V.     Sparry  Clay. 

By  this  name  we  indicate  the  combination 

of  fparry  acid  with  pure  clay,  or  the  bafe  of 

0^4  alum. 
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alum.  This  neutral  fait  is  not  known, 
Scheele,  Boulanger,  and  Bergman,  fay  no^ 
thing  of  this  combination. 

Species  VI.     Cretaceous   Clay,   or 
Argillaceous  Chalk. 

Though  the  union  of  the  cretaceous  acid 
with  clay  has  been  hitherto  fcarcely  examined, 
yet  it  is  certain  that  a  portion  of  this  acid 
combines  with  aluminous  earth  ;  becaufe,  i. 
According  to  the  remark  of  Bergman,  when 
a  folution  of  alum  is  precipitated  by  the  cre- 
taceous alkali,  the  filtered  liquor  depofits, 
at  the  end  of  a  certain  time,  a  fmall  quantity 
of  earth,  which  was  held  in  folution  by  the 
cretaceous  acid,  and  is  feparated  in  propor- 
tion as  that  acid  flies  off.  2.  This  precipita- 
tion, when  made  in  the  cold,  is  not  attended 
with  efFervefcence,  and  a  portion  of  the  cre- 
taceous acid  feparated  from  the  alkali,  ap- 
pears to  combine  with  the  clay,  while  an- 
other portion  becomes  diflblved  in  the  fluid. 

It  is  likewife  acknowledged,  from  the  ana- 
lyfis  of  many  argillaceous  earths,  by  modern 
chemilts,  that  they  contain  the  cretaceous 
acid  'y  for  they  effervefce,  when  dilTolved  in 
the  vitriolic  or  marine  acids. 


CHAP, 
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CHAPTER      X. 

Genus   VI.      Neutral    Salts    with  Eafe   of 
Ponderous  Earth. 

Ponderous  earth  forms,  with  acids,  neutral 
falts  different  from  all  fuch   as  we  have 
hitherto  examined,  not  only  in  their  form, 
tafte,  and  folubility,  butlikewife  in  the  laws 
of  their  decompofition.    The  earthy  alkaline 
bafe,   which  conftitutes  them,  has  a  ftronger 
affinity  than  the  three  alkalies  and  the  other 
earths    with  acids.      It  is  therefore   necef- 
fary    that    thefe  alkaUne  fubftances    fhould 
be  united  with  the  cretaceous  acid,  in  Ox'-der 
to  feparate  this  bafe,  and  decompofe  ponde- 
rous falts.     Thefe  falts   are  fix  in  number, 
namely,  ponderous    fpar,    ponderous    nitre, 
ponderous    marine    fait,    ponderous    borax, 
fparry  ponderous  earth,  and  ponderous  clay. 
This   nomenclature  of  the  ponderous  falts, 
is  abfolutely  vicious,  becaufe  thefe  falts  are 
not  heavier  than  moft  others,  if  we  except 
ponderous   fpar.     Mr.   de  Morveau   having 
fubftituted  the  word  barytes  (barote)  inflead 
of  ponderous  earth,  diftinguillies  thefe  falts 
by  the  names  of  barytic  falts,  barytic  vitriol, 
barytic  nitre,  barytic  marine  fait  or  muriate, 

barytic 
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barytic    borax,    barytic    fluor,    and    barytic 
chalk,  or  mephitis. 

Species  I.     Ponderous   Spar,  or  Bary- 
tic Vitriol. 

Ponderous  fpar,  hitherto  confidered  as  a 
ftone,  becaufe  it  has  neither  tafte  nor  folu- 
bility,  is  the  refult  of  a  combination  of  the 
vitriolic  acid  with  ponderous  earth.  This 
fpar  has  hitherto  been  confounded  with  fluor 
fpar,  by  many  naturalifts,  and  in  fa<5t  it 
breaks  in  the  fame  manner,  and  does  not 
efFervefce  with  acids  ;  but  its  form,  its  im- 
perfed:  tranfparency,  and  efpecially  its  great 
weight,  are  fufficient  to  diftinguifli  it.  A 
fingle  chemical  charadier  likewife  anfwers 
this  purpofe ;  for  if  a  fmall  quantity  of  oil  of 
vitriol  be  poured  on  this  fpar  reduced  to  pow- 
der, no  vapour  of  any  kind  is  difengaged,  nor 
fmell  perceived ;  whereas  the  fluor  fpar,  if 
treated  in  the  fame  manner,  gradually  emits 
a  penetrating  vapour,  which  forms  a  white 
fmoke  when  it  comes  into  contact  with  air, 
and  is  eafily  known  to  be  the  fparry  acid. 
Other  naturalifts  have  confounded  it  with 
the  felenitic  fpar^  but  this  laft  has  neither 
the  fame  form,  nor  the  fame  infolubility, 
and  is  decompofed  by  pure  or  cauftic  fixed 
alkalies ;  whereas  ponderous  fpar  is  not  al- 
tered by  thofe  falts. 

Ponderous 
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Ponderous  fpar  is  found  in  large  quan* 
titles.  It  moft  commonly  accompanies  me- 
tallic ores;  it  is  either  cryftallized,  or  in  irre- 
gular maffes,  but  is  always  difpofed  in  layers 
of  various  thicknefs  and  extent.  Its  hard- 
nefs  is  confiderable,  though  it  does  not  give 
fire  with  fteel.  Its  principal  varieties  are 
the  following. 

Varieties. 

1.  White  ponderous   fpar,   femi-tranfpa- 

fent,  cryftallized  in  fix  fided  prifms, 
two  fides  very  large,  four  very 
fmall,  terminated  by  dihedral  fum- 
mits.  Thefe  cryftals  are  obliquely 
placed  on  maffes  of  the  fame  nature ; 
they  refemble  long  fquare  plates, 
whofe  four  fides  have  been  cut  dia- 
mond wife.  They  are  often  covered 
with  rhomboidal  yellow  cryftals. 
This  fpecimen,  as  well  as  the  follow- 
ing, is  called  ponderous  fpar  in  tables. 

2.  Ponderous  fpar,  of  a  milky  white,   in 

tables,  without  chamfered  edges.  It 
is  not  regularly  cryftallized,  but  is 
formed  of  thick  layers  placed  on  each 
other ;  it  is  often  incrufted  with  a 
red  powder  of  filver  ore,  or  pyrites. 

3.  Ponderous  fpar  rounded,  and  femi-cha- 

toyant.  Bologna  ftone.  It  is  com- 
pofed  of  many  converging  fibres, 
which  unite  into  laminse,  applied  on 

each 
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each  other.     This  variety  is  the  moft 
known  on  account  of  its  pholphoric 
property,  it  has  evidently  been  worn 
round  by  water. 
4.   Odiahedral  ponderous  fpar ;  it  is   cry- 
jftallized  like  alum,  the  fummits  of 
the  pyramids  being  often   truncated, 
which    form    a    decahedron.       The 
length  of  its  fides,   or  the  truncature 
of  its  angles,  likewife  exhibits  other 
varieties. 
^.  Dodecahedral  ponderous  fpar;    it  has 
the  form  of  fome  garnets  and  pyrites, 
and  is  more  rare  than  the  former. 
6.  Pyramidal  ponderous  fpar.     This  va- 
riety,  as    well   as    the   foregoing,  is 
indicated  in  Daubenton's  table. 
I  have  confidered  as  a  variety  of  ponderous 
fpar,  the  fpar  called  pearly  (perle)  which  was 
formerly  clafled,  like  moft  of  the  foregoing, 
am.ong  the  felenites.     This  fpar  is  formed  of 
fmall   rhomboidal  plates,    ufually   brilliant, 
and  placed  obliquely  one  over  the  other.     It 
is  opake,  brilliant,  as  it  were  micaceous,  and 
fprinkled  on  calcareous  fpar,  or  quartz,  or 
on  the  firft  variety  we  have  defcribed.     It  is 
of  a  yellow  or  dirty  green  colour,  and  fome- 
times  of  a  filvery  white.     According  to  the 
Abbe  Hauy,  it  is  a  true  calcareous  fpar. 

Margraf,  who  examined  many  varieties  of 
ponderous  fpar,  fuch  as  the  Bologna  ftone, 
and  v/hite  opake  ponderous   fpar,   fuppofed 

it 
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It  to  be  a  true  felenite,  mixed  with  a  fmall 
quantity  of  clay,  which  rendered  it  infoluble; 
but  Gahn,  Scheele,  and  Bergman,  find  that 
it  contains  a  pecuhar  earth,  which  they  have 
diftinguiihed  by  the  name  of  ponderous 
earth.  Mr.  Monnet  likewife  found,  that 
its  bafe  differs  from  calcareous  earth,  by  the 
falts  it  forms  with  acids ;  but  that  chemift 
admits  it  to  contain  fulphur  ready  formed, 
and  confiders  ponderous  fpar  as  an  earthy 
liver  of  fulphur  in  a  cryftallized  ftate. 

Ponderous  fpar  melts  by  a  violent  heat, 
fuch  as  that  of  the  porcelain  furnace,  &c. 
and  affords  a  coloured  glafs.  A  low  heat 
does  not  at  all  change  it.  If  it  be  taken  into 
the  dark,  after  it  has  been  heated  rather 
ftrongly,  it  exhibits  a  vivid  blueiih  light. 
Lemery  reports,  that  an  Italian  fhoe-maker, 
named  Vincenzo  Cafciarolo,  firft  difcovered 
the  phofphoric  property  of  the  Bologna  ftone. 
This  man  found  it  at  the  foot  of  Mount 
Paterno,  and  from  its  brilliancy  and  weight 
was  led  to  fuppofe  that  it  contained  filver. 
Having  expofed  it  to  the  fire,  doubtlefs  with 
the  intention  of  difcovering  that  precious 
metal,  he  obferved  that  it  was  luminous  in 
the  dark ;  a  difcovery  which  engaged  his  at- 
tention, and  was  frequently  repeated  with 
fuccefs.  Many  philofophers  and  chemifts 
have  fince  examined  this  phenomenon,  and 
have  varied  the  method  of  calcining  the  Bo- 
logna ftone  in  many  refpefts.     The  works 

of 
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of  La  Poterle,  Montalban,  Mentzel,  Lemery, 
Homberg,  Dufay,  and  Margraf,  contain 
many  proceffes  of  this  nature. 

It  is  now  known  that  this  property  is 
common  to  all  the  varieties  of  ponderous 
fpar.  The  procefs  confifts  in  heating  them 
red  hot  in  a  crucible,  reducing  them  to 
powder  in  a  glafs  mortar,  and  forming  the 
fame  into  a  pafte,  with  a  fmall  quantity  of 
mucilage,  of  gum  trugacanth,  in  pieces  of  the 
thicknefs  of  the  blade  of  a  knife.  Thefe 
being  dried,  are  ftrongly  calcined  by  placing 
them  in  the  middle  of  the  coals  of  a  fur- 
nace which  draws  well.  When  the  coal  is  all 
confumed,  and  the  furnace  grown  cold,  the 
pieces  are  cleanfed  from  the  afhes  by  means 
of  a  bellows.  If  thefe  be  expofed  to  the 
light  for  a  few  minutes,  and  afterwards  car- 
ried into  an  obfcure  place,  they  fhine  like  a 
burning  coal.  They  even  fhine  when  immer- 
fed  in  water.  They  lofe  this  property  by 
degrees,  but  recover  it  on  being  again  heat- 
ed. Many  other  fubftances  likewife  exhibit 
this  appearance.  Magnefia,  chalk,  felenite, 
vitreous  or  fluor  fpar,  &c.  become  lumi- 
nous after  having  been  heated.  Macquer 
obferved  the  fame  property  in  earth  of  alum, 
vitriolated  tartar,  Brian9on  chalk,  black 
flint  calcined,  which  proves,  that  the  pre- 
fence  of  an  acid  is  not  abfolutely  neceffary 
for   the   produdion  of    this    phenomenon, 

though 
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though  it  feems  in  fome  refped:  to  contri- 
bute to  its  intenfity. 

Ponderous  fpar,  heated  in  a  retort,  af- 
forded no  produd:,  and  was  not  at  all  altered 
by  the  operation,  as  Margraf  affirms. 

This  fait  is  perfe<5tly  infoluble  in  water, 
and  is  not  adled  on  by  earths  or  falino-ter- 
reftrial  fubftances.  Pure  fixed  alkalis  do 
not  decompofe  it.  This  laft  is  one  of  its 
moft  fingular  properties.  In  fadl,  the  other 
earthy  and  falino-terreftrial  fubftances  have 
lefs  affinity  than  fixed  alkalis  to  the  vitriolic 
acid  ;  but  ponderous  earth,  on  the  contrary, 
has  more.  Whence  we  have  obferved,  after 
Bergman,  that  this  earth  decompofes  vitrio- 
lated  tartar  and  Glauber's  fait,  as  it  does 
likewife  fait  containing  the  volatile  alkali. 

Mineral  acids  have  no  adion  on  ponderous 
fpar,  becaufe  the  vitriolic  acid  adheres  more 
ftrongly  than  any  other  to  the  earth,  which 
forms  the  bafe  of  this  fpar.  Neither  do 
neutral  falts  produce  any  change  in  it,  if  we 
except  cretaceous  tartar  and  cretaceous  foda, 
which  produce  a  decompofition  by  double  af- 
finity. The  ponderous  earth  is  feparated  from 
the  vitriolic  acid,  becaufe  it  is  attacked  by 
the  cretaceous  acid,  at  the  fame  time  that 
one  of  the  alkalis  feizes  the  vitriolic  acid. 
To  produce  this  decompofition,  a  mixture 
of  two  parts  of  fixed  fait  of  tartar,  well  fa- 
turaied  with  cretaceous  acid,  and  one  part 

of 
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of  ponderous  fpar  reduced  to  powder,  are 
ftrongly  heated  in  a  crucible.  The  matter 
which  is  femi-vitrified  is  to  be  wafliedin  dif- 
tilled  water;  and  the  liquid,  after  filtration 
and  evaporation,  affords  vitriolated  tartar : 
the  fubftance  which  remains  on  the  filtre  is 
cretaceous  ponderous  earth ;  which,  when 
well  wafhed,  is  in  the  form  of  a  very  white  and 
fine  pulverulent  matter,  but  ufually  impure, 
becaufe  it  always  contains  a  portion  of  pon- 
derous fpar,  which  has  efcaped  the  decom- 
pofition. 

Combuftible  fubftances  having  the  pro- 
perty of  decompofing  ponderous  fpar,  may 
likewife  be  employed  to  obtain  its  bafe. 
When  pulverized  fpar  is  expofed  to  a  red 
heat  in  a  crucible,  together  with  one  eighth 
of  its  weight  of  charcoal  in  powder,  if  the 
matter  be  poured  into  diftilled  water,  it  imme- 
diately communicates  a  yellow  colour  to  the 
fluid,  together  with  every  other  charadler  of 
a  folution  of  liver  of  fulphur.  The  char- 
coal having  deprived  the  vitriolic  acid  of  its 
vital  air,  the  fulphur,  fet  at  liberty  by  this 
decompofition,  unites  to  the  ponderous  earth, 
which  reduces  it  to  the  fi:ate  of  an  hepar. 
The  fulphur  is  precipitated  from  this  folu- 
tion by  means  of  an  acid.  The  marine  acid 
is  preferred,  becaufe  it  forms  with  ponde- 
rous earth  a  foluble  fait,  whereas  the  vitriolic 
acid  would  re-compofe  the  infoluble  ponde- 
rous fpar.  The  liquid  is  then  filtered,  and  the 

fulphur 
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fulphur  feparated.  The  barytic  marine  fait 
contained  therein  is  decompofed  by  a  folu- 
tion  of  cretaceous  tartar ;  and  the  ponderous 
earth  combining  with  the  cretaceous  acid,  is 
precipitated.  The  latter  may  be  feparated  by 
calcination.  This  procefs,  which  I  have 
performed  a  great  number  of  times,  affords 
but  a  very  fmall  quantity  of  ponderous  earth  ; 
and  the  quantity  of  fulphur  on  the  filter  is 
likewife  very  inconfiderable,  unlefs  the  pon- 
derous fpar  has  been  ftrongly  heated.  The 
decompofition  of  this  earthy  fait  is  greatly 
accelerated,  by  the  addition  of  about  one- 
fourth  of  fixed  fait  of  tartar,  to  the  mixture 
of  ponderous  fpar  and  coal.  By  this  means 
the  fufion  is  rendered  much  more  complete, 
and  the  quantities  of  fulphur  and  ponderous 
earth  are  increafed  accordingly. 

From  the  fe  proceflTes  for  the  decompofi- 
tion of  ponderous  fpar,  as  well  as  from  every 
other  property  of  this  fait,  it  is  evident  how 
much  the  earth,  or  falino-terreflrial  fub- 
ftance,  which  conftitutes  its  bafe,  differs 
from  other  earthy  fubftances,  namely,  clay, 
lime,  and  magnefia. 

Ponderous  fpar  is  not  applied  to  any  ufe.* 

*  Dr.  Withering,  in  the  Philofophical  Tranfaaicns  for 
1784,  Part  II.  points  out  a  valuable  chemical  purpcfe,  to 
which  falited  ponderous  earth,  or  the  barytic  marine  fait, 
may  be  applied  ;  namely,  the  purification  of  the  marine 
acid  from  the  admixture  of  vitriolic  acid,  by  v/hich  it  is 
often  adulterated.  The  folution  of  this  fait  caufes  the  vi- 
triolic acid  to  fall  to  the  bottom,  together  w^ith  the  earth,  in 
the  form  of  ponderous  ipar. 

Vol.  IL  R  Species 
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Species  II.     Nitre  with  Base  of  Pon- 
derous Earth,  or  Barytic  Nitre, 

The  nitrous  acid  readily  unites  with  pon- 
derous earth,  and  produces  a  neutral  fait,  ia 
large  hexagonal  cryftals,  or  fmall  irregular 
ones,  according  to  Mr.  D'Arcet.  It  is  not 
obtained  in  the  cryflalline  form  without 
confiderable  difficulty. 

Nitre,  with  bafe  of  ponderous  earth,  is 
decompofed  by  fire,  and  affords  vital  air. 

It  attradts  the  moifture  of  the  air,  and  ne- 
verthelefs  requires  a  confiderable  quantity 
of  water  to  hold  it  in  folution. 

Neither  pure  alkalis,  nor  fand,  clay,  lime, 
or  magnefia,  decompofe  it. 

The  vitriolic  acid,  poured  on  a  folution 
of  barytic  nitre,  immediately  precipitates 
ponderous  fpar ;  the  fparry  acid  likewife 
ieizes  its  bafe. 

Cretaceous  alkaline  neutral  falts  decom- 
pofe it  by  double  affinity. 

This  fait  is  hitherto  very  little  known. 

Species  III.  Marine  Salt  with  Base 
OF  Ponderous  Earth,  or  Barytic 
Marine  Salt. 

This  fait  has  not  been  more  examined  than 
the  foregoing.  Bergman  affirms,  that  it  is 
cryftallizable,  and  of  difficult  folution ;  its 

cryftals 
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cryftals  are  fquare  and   long,  much  refem- 
bling  ponderous  fpar  in  tables. 

Sand,  clay,  lime,  magnefia,  or  pure  al- 
kalis, have  no  action  on  this  fait,  and  do 
not  precipitate  its  principles. 

The  vitriolic  and  fparry  acids  decompofe 
this  fait  by  combining  v^ith  its  bafe. 

Cretaceous  tartar  and  cretaceous  foda  pre- 
cipitate the  ponderous  earth  combined  with 
the  cretaceous  acid. 

Bergman  reckons  ponderous  marine  fait 
among  the  moft  fenfible  re-agents,  and  pro- 
pofes  it  for  detedling  the  fmalleft  poffible 
quantity  of  vitriolic  acid  contained  in  any 
mineral  water.  One  or  two  drops  of  a  folu- 
tion  of  this  fait  poured  into  about  three 
pounds  of  water,  containing  twelve  grains 
of  cryftals  of  Glauber  fait,  immediately  pro- 
duce white  ftriiB  of  ponderous  fpar,  formed 
by  the  double  decompofition  of  thefe  two 
falts  :  the  vitriolic  acid  forming  ponderous 
fpar  with  the  earth,  and  common  marine  fait 
remains  diiTolved  in  the  liquid.  All  vi- 
triolic falts  are  equally  affedted  by  this  re- 
agent, which  decompofes  them,  and  aifords 
a  precipitate  of  ponderous  fpar. 

Species  IV.  Borax  with  Base  of  Pon- 
DERou^s  Earth,  or  Barytic  Borax. 

The   combination   of  fedative   fait  with 
ponderous  earth  is  not  at  all  known. 

R  2  Bergmaa 
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Bergman  affirms  that  the  acid  of  borax  Is 
one  of  thofe  which  has  the  leaft  affinity  with 
this  falino-terreftrial  fubftance,  and  places 
it  in  his  table  below  moil  of  the  vegetable 
and  animal  acids^ 


Species  V.  Ponderous  Earth  combined 
WITH  THE  Sparry  Acid,  or  Barytic 
Fluor. 

This  fait  is  not  more  known  than  the 
foregoing,  and,  with  many  other  faline  fub- 
ftances  not  yet  examined,  affiDrds  matter  for 
experimental  inquiry. 

Bergman,  in  his  diilertation  on  eleftive 
attractions,  affirms,  that  the  fluor  acid  poured 
on  a  folution  of  nitre,  or  marine  fait,  with 
bafes  of  ponderous  earth,  *  occafions  a  preci- 
pitate; and  that  this  precipitate  effervefces 
with  the  vitriolic  acid,  which  difengages  the 
acid  of  fpar. 

This  experiment  proves,  that  the  fluor  acid 
has  a  ftronger  affinity  than  the  nitrous  and 
marine  acids  with  ponderous  earth,  and  that 
it  forms  with  this  falino-terreftrial  fubftance 
a  fait  much  lefs  foluble  than  barytic  nitre  or 
marine  fait. 

Species  VI.     Cretaceous   Ponderous 
Earth,  or  Barytic  Chalk. 

Ponderous  earfh  is  capable  of  uniting  with 
the  cretaceous  acid,  and  forms  a  kind  of 

neutral 
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neutral  fait  poffefled  of  peculiar  properties, 
and  which  feems  in  fome  refpedts  to  refem- 
ble  clay. 

It  has  already  been  obferved,  that  pon- 
derous fpar,  and  all  the  falts  of  which 
this  earth  is  the  bafe,  are  decompofed  by 
cretaceous  alkalis,  by  virtue  of  the  affi- 
nity of  the  ponderous  earth  with  the  creta- 
ceous acid.  In  thefe  decompofitions  barytic 
chalk,  called  aerated  ponderous  earth  by 
Bergman,  is  precipitated.  This  fpecies  of 
fait  is  likewife  obtained  by  expofing  a  folu- 
tion  of  pure  ponderous  earth  to  the  air. 
The  furface  becomes  flowly  covered  with  a 
pellicle,  which  effervefces  with  acids ;  a  phe- 
nomenon which  arifes  from  the  cretaceous 
acid  of  the  atmofphere  combining  with  the 
earth,  and  rendering  it  lefs  foluble ;  in  the 
fame  manner  as  lime  is  feparated  from  lime- 
water.  This  fad:  exhibits  a  ftriking  analogy 
between  thefe  two  falino-terreftrial  fubftan— 
ces,  which  differ  fo  much  from  each  other 
in  many  other  refpefts, 

Barytic  chalk,  when  expofed  to  heat,  lofes 
its  acid.  If  it  be  heated  in  a  retort,  or  in  a 
matrafs,  to  which  a  pneumato-chemical  ap- 
paratus is  adapted,  the  acid  is  obtained  in 
its  natural  or  gafeous  form.  The  laft  por- 
tions are  not  feparated  without  great  diffi- 
culty, and  by  an  extreme  heat. 

All  the  mineral  acids  decompofe  this  fait, 

and  difengage  the   cretaceous  acid,  with  a 

R  3  ftrong 
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ftrong  eiFervefcence,  which  diftinguiflies  it 
from  pure  ponderous  earth,  Bergman  efli- 
mates  that  this  fait  contains  in  the  hundred, 
{even  parts  of  cretaceous  acid,  fixty-five  of 
ponderous  earth,  and  eight  of  water. 

Water  does  not  diflblve  cretaceous  ponde- 
rous earth  in  any  fenfible  quantity ;  but 
when  the  fluid  itfelf  is  faturated  with  creta- 
ceous acid,  it  dilTolves  about  the  1550th  of 
its  weight.  Hence  we  may  perceive,  that 
cretaceous  ponderous  earth  is  lefs  foluble  in 
water,  than  when  pure  or  cauftic,  fince  in 
the  laft  mentioned  ftate  about  the  900th  part 
is  taken  up  according  to  Bergman.  In  this 
refpeft,  therefore,  it  refembles  chalk  ;  from 
which,  neverthelefs,  it  differs  in  a  great 
number  of  other  properties,  as  we  have  alrea- 
dy feen. 

Barytic  chalk  is  not  applied  to  any  ufe.* 


C     H     A     P.       XI. 

Concerning  feveral  Mineral  Acids  lately 
difcovered. 

HAving  given  the  hiflory  of  all  faline  mat- 
ters which  are  well  known,  we  think  it 

*  Withering,  in  his  valuable  paper  on  the  native  aerated 
ponderous  earth,  (Phil.  Tranf.  for  1784)  obferves  (i) 
That  it  refembles  a  lump  of  alum,  but  is  compofed  of  fpi- 
culje.  (2)  That  its  fpecific  gravity  is  from  4,300  to  4,338. 

(3) 
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proper  to  add  fome  account  of  certain  acids, 
whofe  properties  have  not  yet  been  fuffi- 
ciently  examined,  to  juilify  the  clalTing  of 
them  with  the  acids  treated  of  in  the  forego- 
ing pages. 

Mr.  Scheele  having  obferved  that  the  ni- 
trous acid  diftilled  from  many,  fubflances  of 
the  three  kingdoms,  whofe  properties  were 
little  known,  caufed  them  to  pafs  to  the 
ftate  of  acids  more  or  lefs  fixed,  confidered 
thefe  falts  as  of  a  peculiar  and  fpecific  kind. 
We  fhall  in  this  place  mention  only  fuch  a3 
belong  to  the  mineral  kingdom ;  thefe  are 
the  acids  of  molybdena,  of  tungften,  of  ar- 
fenic,  and  of  Pruffian  blue.  As  we  purpofe 
to  fpeak  largely  concerning  the  two  kft  in 
the  hiftory  of  metallic  fubflances,  we  fhall 
in  this  place  treat  only  of  the  acids  of  mo- 
lybdena and  of  tungflen. 

Concerning  Molybdena  and  its 
Acid. 

Molybdena  ought  not  to  be  confounded 
with  common  black  lead  which   is  ufed   in 

{3)  That  100  parts  contain  78,6  parts  of  pure  ponderous 
earth  ;  6  vitriolated  ponderous  earth,  and  20,8  fixed  air. 
(4)  That  it  will  not  burn  to  lime,  as  the  artificial  terra 
ponderofa  aerata  does  ;  but  when  urged  by  heat,  becomes 
flrft  opake,  and  afterwards  melts  ;  a  peculiarity,  which 
the  Doctor  thinks,  arifes  from  water  not  being,  prefent. 
The  many  other  curious  and  interefting  fa£ls  contained  in 
the  DifTertation  cannot  be  abridged  into  a  note,  but  they 
are  well  wcxrthy  the  reader's  attention.     T.  ;. 
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drawing,  and  is  at  prefent  diftingui(hed  by 
the  peculiar  name  of  plumbago.  This  con- 
fufion  is  no  doubt  one  caufe  of  the  differen- 
ces between  the  chemical  refults  of  fuch  as 
have  examined  this  fubjflance  from  Pott  and 
Scheele.  It  muft  be  obferved  that  plumba- 
go or  black  lead  being  much  more  common 
than  molybdena,  which  is  not  ufually  to  be 
met  with,  except  in  cabinets  of  natural  hifr 
tory,  French  chemifts,  and  more  efpecially 
Mr.  de  Lifle,  have  made  their  experiments 
with  that  fubftance,  and  not  with  the  latter, 
as  we  ihall  fliew  in  the  hiftory  of  combufti- 
ble  matters. 

True  molybdena  is  not  eafily  diftinguifhed 
from  plumbago  by  its  external  characters. 
It  is,  however,  fomewhat  greafy  to  the 
touch ;  it  is  formed  of  fcaly  laminae  of  va- 
rious magnitude,  fcarcely  adhering  to  each 
other.  It  foils  the  fingers,  and  leaves  traces 
of  a  blackifh  grey  on  paper.  When  reduced 
to  powder,  which  is  difficult  to  do,  on  ac- 
count of  the  elafticity  of  its  lamina,  it  has 
a  blueifli  colour;  it  yields  to  the  knife ;  is 
not  at  all  brittle,  and  is  not  of  a  granulated 
texture  like  plumbago. 

To  reduce  molybdena  into  powder,  ac- 
cording to  the  procefs  of  Mr.  Scheele,  it 
muft  be  triturated  in  a  mortar  with  a  fmall 
quantity  of  vitriolated  tartar,  which  may 
afterwards  be  wafhed  away  with  water. 
This  fubftance,    expofed   to   the  adion  of 

fire 
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fire  in  open  veffels,  gives  out  a  fmall  quan- 
tity of  fulphur,  and  evaporates  almoft  entire- 
ly; when  urged  by  the  blow-pipe  in  a  filver 
fpoon,  it  emits  a  white  fume,  which,  on 
touching  it  with  the  blue  point  of  the  flame, 
takes  that  colour.  The  fublimed  white  part 
is  the  peculiar  acid  of  molybdena ;  but  as 
no  more  than  a  very  fmall  quantity  can  be 
colledled  by  this  procefs,  recourfe  muft  be 
had  to  other  means  for  obtaining  it. 

Thirty  ounces  of  diluted  nitrous  acid  being 
diftilled  from  one  ounce  of  molybdena  at  five 
fucceffive  times  ;   that  is  to  fay,  fix  ounces 
of  the  acid  at  each  time,  a  large  quantity 
of  nitrous  gas   is   difengaged,    and  a  white 
powder  remains  in  the   retort,  which  muft 
be  waflied  with  a  fufficient  quantity  of  cold 
diftilled  water,  to  carry  off  the  foreign  acid 
foluble  at  that  temperature.    After  this  edul- 
coration,  fix  drachms  and  a  half  of  pure  acid 
of  molybdena  remain.    Mr.  Scheele,  the  au- 
thor of  this  difcovery,  thinks  that  the  ni- 
trous acid  feizes  the  phlogifton,  and  efcapes 
in  red  vapours,  burning  at  the  fame  time  the 
fulphur  of  the  molybdena  ;  from  which  laft 
circumftance,  the  water  ufed  in  wafhing  the 
molybdena  contains  the  vitriolic  acid,  whix:h 
may  be  obtained  in  a  concentrated  ftate  by 
evaporation.       The    liquid   then    affumes   a 
brilliant  blue  colour,  arifing  from  the  por- 
tion cf  the  acid  of  molybdena  likev/ife   in 
the   folution.     We  are  of  opinion,  in  this 

operation. 
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operation,  as  well  as  in  all  others,  where 
the  nitrous  acid  being  diftilled  from  any 
fubftance  reduces  it  to  the  ftate  of  an  acid, 
that  the  former  is  decompofed,  and  that  the 
reparation  of  vital  air  from  the  fpirit  of  nitre, 
and  its  fixation  in  the  molybdena,  produce 
the  difengagement  of  nitrous  gas,  and  the 
formation  of  the  acid  of  molybdena. 

This  acid,  obtained  by  the  procefs  laft  de- 
fcribed,  has  the  form  of  a  white  powder  of  a 
llightly  acid  and  metallic  tafte.  When  heated 
by  the  blow-pipe  in  the  fpoon,  or  in  a  cruci- 
ble with  contadl  of  air,  it  is  volatilized  into  a 
white  fmoke,  and  partly  melts  on  the  fides 
of  the  crucible.  Notwithflanding  the  edul- 
coration,  it  retains  a  portion  of  fulphureous 
acid,  which  a  ftrong  heat  completely  difen- 
gages.  This  acid  is  foluble  in  boiling  wa- 
ter. Scheele  difTolved  a  fcruple  in  twenty 
ounces  of  water ;  in  which  ftate  its  tafle  was 
peculiarly  acid,  and  almoft  metallic  ;  it  red- 
dened tinfture  of  turnfole,  decompofed  fo- 
lution  of  foap,  and  precipitated  liver  of  ful- 
phur  ;  the  folution  becomes  blue  and  con- 
liflent  by  cooling. 

This  acid  earth,  as  Mr.  Scheele  calls  it, 
is  .very  foluble  in  oil  of  vitriol  heated.  The 
folution  has  a  beautiful  blue  colour,  and  be- 
comes thick  by  cooling ;  thele  two  pheno- 
mena difappear  again  when  the  acid  is  heated, 
and  return  in  proportion  as  it  gradually  be- 
comes cold.  If  this  combination  be  flrongly 

heated 
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heated  in  a  retort,  the  vitriolic  acid  is  vola- 
tihzed,  and  the  acid  of  molybdena  remains 
in  a  dry  ftate  at  the  bottom  of  the  vefTel. 

Nitrous  acid  has  no  adion  on  the  acid  of 
molybdena. 

Common  marine  acid  diffolves  a  large 
quantity.  The  folution  affords  a  refidue  of 
a  deep  blue  colour,  when  diflilled  to  dry- 
nefs.  If  the  fire  be  raifed,  the  refidue  af- 
fords white  flowers,  and  a  blueifli  fublimate; 
a  grey  matter  remaining  in  the  retort.  The 
flowers  and  fublimate  are  deliquefcent,  and 
give  a  blue  colour  to  metals  ;  the  marine 
acid  pafles  over  in  the  dephlogifticated  fl:ate. 
It  is  eafy  to  conceive,  that  in  this  operation 
the  marine  acid  takes  a  portion  of  the  vital 
air  from  the  molybdenic  acid,  and  that  a  por- 
tion of  this  laft  acid  pafiTes  again  to  the  ftate 
of  molybdena. 

The  molybdenic  acid  decompofes  nitre  and 
marine  fait  by  difengaging  their  acids,  and 
forming  neutral  falts  with  their  bafes,  whofe 
properties  Mr.  Scheele  has  not  perfedly  af- 
certained.  This  acid  likewife  difengages  the 
cretaceous  acid  from  the  alkalis,  with  which 
it  combines  and  forms  neutral  falts. 

Though  Mr.  Scheele  has  not  difcovered 
all  the  properties  of  thefe  falts,  he  has,  never- 
thelefs,  pointed  out  three,  which  arefufficient 
to  diftinguifh  the  neutralized  ftate.  He  has 
obferved,  i.  That  fixed  alkali  renders  the 
acid  earth  of  molybdena  more   foluble  in 

water. 
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water.  2.  That  this  fait  prevents  the  mo- 
lybdenic  acid  from  being  volatilized  by  heat. 
3.  That  the  combination  of  this  acid  with 
vegetable  alkali,  precipitates,  by  cooling,  in 
fmall  grains  or  cryftals. 

The  molybdenic  acid  precipitates  nitre 
and  marine  falts  with  bafes  of  ponderous 
earth  ;  the  molybdenous  barytic  fait  formed 
in  thefe  operations  is  foluble  in  water. 

The  molybdenic  acid  appears  partly  to 
decompofe  vitriolated  tartar,  and  difengages 
a  fmall  quantity  of  vitriolic  acid  by  a  ftrong 
heat. 

The  molybdenic  acid  diflblves  feveral  me- 
tals, and  aflumes  a  blue  colour,  in  proportion 
as  it  communicates  to  them  part  of  its  vital 
air.  It  precipitates  many  metallic  folutions, 
&c.  as  we  Ihall  more  particularly  exemplify 
in  the  hiftory  of  metals. 

Perfedt  molybdena  flightly  detonates  with 
nitre ;  the  refidue  contains  molybdenic  tar- 
tar and  calx  of  iron.  From  the  experiments 
of  Mr.  Scheele,  molybdena  appears  to  confift 
of  a  peculiar  combuftible  matter  and  iron. 
The  nature  of  the  combuftible  matter  is  not 
yet  perfecftly  known.  Mr.  Hielm,  a  difci- 
ple  of  the  celebrated  Bergman,  appears  to 
have  fucceeded  in  converting  it  into  a  regu- 
lus.  Mr.  Pelletier  affirms,  that  he  has  had 
the  fame  fuccefs ;  but  the  properties  of  this 
new  metal  have  not  yet  been  examined  into. 

The  molybdenic  acid  appears  to  be  a  me- 
tallic 
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tallic  acid.  Its  weight,  its  flyptic  and  auf- 
tere  tafle,  its  dry  and  pulverulent  form,  its 
fufibility,  its  infolubility,  the  colour  it  af- 
fumes  by  ad;ion  of  flame  and  combuftible 
matters,  its  precipitation  by  nut-galls,  and 
by  the  acid  of  Pruflian  blue,  fhew  that  it 
is  fomewhat  limilar  to  the  arfenical  acid. 

Such  is  the  prefent  ilate  of  our  knowledge 
refpefting  molybdena  and  its  acid.  This 
fubftance  is  fo  rare  in  France,  that  no  che- 
mift,  except  Mr.  Pelletier,  has  had  an  op- 
portunity of  making  a  regular  feries  of  expe- 
riments upon  it.  It  is  greatly  to  be  wifhed 
that  they  fhould  be  continued,  efpecially 
with  a  view  of  deciding  whether  the  mo- 
lybdenic  acid  be  truly  different  from  all 
others.  For  I  cannot  avoid  thinking,  not- 
withftanding  its  peculiar  charadlers,  that  a 
fubftance,  which  does  not  become  acid  but 
by  the  afliftance  of  thirty  parts  of  weak  ni- 
trous acid,  and  is  with  fo  much  difficulty 
brought  to  affume  the  faline  ftate,  ought 
not  to  be  coniidered  as  an  acid  truly  peculiar. 
But  I  (hall  enlarge  on  this  fubje(fl  in  other 
parts  of  this  work. 

Concerning  Tungsten  and  its  Acid. 

The  tungften  of  the  Swedes  has  been  call- 
ed heavy  ftone,  lapis  ponderofus  by  feveral 
naturalifts,  and  in  particular  by  Bergman,  in 
his  Sciagraphia.     Cronftedt  confidered  it  as 
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a  fpecies  of  iron  ore,  and  called  it  Ferrum 
calciforme,  terra  quadam  incognita  intime 
mixtum.  Moft  German  naturaliih  clafs  it 
among  tin  ores,  under  the  name  of  white 
cryftals  of  tin,  or  zinn  fpath  ;  and  it  is  ar- 
ranged as  fuch  in  moft  cabinets  of  natural 
hiftor3^ 

The  Swedifli  word  tungften  has  the  advan- 
tage of  diftinguiihing  this  faline  fubftance 
from  ponderous  earth  and  ponderous  fpar, 
with  which  the  denomination  of  Bergman 
feems  to  confound  it. 

An  accurate  analyfis  of  this  fubftance  was 
not  attempted  before  the  time  of  Scheele, 
and  it  was  almoft  generally  confidered  as  an 
ore  of  tin.  Scheele  examined  this  pretend- 
ed ore,  and  difcovered  that  it  confifts  of 
lime  united  to  a  peculiar  acid.  Bergman, 
who  like  wife  examined  the  fame  fubftance, 
had  refults  which  confirmed  thofe  of  Scheele. 
This  difcovery  was  made  in  the  year  1781. 
Meffrs.  De  Luyart,  of  the  Royal  Bifcayan 
Society  ;  M.  Angulo  of  the  Academy  of 
Valladolid,  and  Mr.  Crell,  have  repeated 
and  confirmed  the  refults  of  the  Swedifh 
chemift. 

Before  we  proceed  to  defcribe  the  proper- 
ties of  tungften  and  its  acid,  we  muft  ob- 
ferve  that  this  fubftance  has  been  rarely 
met  with  till  lately ;  that  it  is  found  in 
the  iron  mines  of  Bitzberg,  in  the  tin  mines 
in    Schleckenwalde   in    Bohemia,   and  that 

moft 
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moft  of  the  white  cryftals  of  Sanberg  near 
Ehrenfriederfdorf,  are  tungften  :  fo  that  by 
afiaying  the  cryflals  diftinguiflied  by  this 
name  by  the  methods  we  ihall  point  out, 
fome  fpecimens  may  be  found  of  this  fub- 
ftance,  which  were  not  before  fufpedled  to 
be  fuch. 

Tungften  is  not  fenfibly  altered  by  heat; 
it  decrepitates  and  is  reduced  to  powder  by 
the  blow-pipe,  but  it  does  not  melt.  The 
blue  flame  flightly  colours  it,  and  nitre  takes 
away  the  colours. 

Boiling  water  has  no  adlion  on  tungflen 
in  powder.  The  effefts  of  air,  earths,  the 
falino-terreftrial  fubftances,  and  cauflic  al- 
kalis on  tungften,  have  not  been  inquired 
into. 

The  vitriolic  acid  heated  and  diftilled 
from  tungften  pafles  without  alteration,  the 
refidue  is  of  a  bluifli  colour.  A  fmall  quan- 
tity of  felenite  is  obtained  by  waftiing  it  with 
boiling  v/ater.  A  proof  that  this  fubftance 
contains  lime,  and  that  the  vitriolic  acid 
decompofes  only  a  very  fmall  part. 

Weak  nitrous  acid  aflifted  by  heat,  adts 
on  tungften  without  fenfible  effervefcence. 
The  acid  converts  it  to  a  yellow  colour, 
which  diftinguifties  it  from  a  true  ore  of  tin. 
The  acid  diffolves  the  calx  ;  about  twelve 
parts  of  nitrous  acid  in  the  ftate  of  aqua  for- 
tis  being  required  completely  to  decompofe 
one  part  of  tungften.     Mr.  Scheele  repeated 

this 
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this  operation  feveral  fucceflive  times ;  af- 
ter the  adion  of  three  parts  of  weak  nitrous 
acid  on  one  of  tungften  had  taken  effedl,  he 
added  two  parts  of  cauftic  volatile  alkali.  The 
powder  which  was  changed  to  a  yellow  by  the 
nitrous  acid,  became  white  by  the  alkali;  and 
he  repeated  the  fucceflive  application  of  the 
two  agents,  till  the  whole  of  the  tungften  was 
diflblved.  From  four  fcruples  treated  in  this 
manner,  he  had  three  grains  of  a  refidue, 
which  feemed  to  him  to  be  quartz.  By  adding 
firft  the  Pruflian,  and  afterwards  the  common 
vegetable  alkali,  to  the  nitrous  acid  em- 
ployed in  the  operation,  he  obtained  two 
grains  of  Pruflian  blue,  and  fifty-three  grains 
of  chalk.  The  volatile  alkali  added  to  the 
nitrous  acid  afforded  an  acid  precipitate.  In 
this  experiment  the  nitrous  acid  decorhpofes 
the  tungften  by  feizing  the  lime,  and  the 
tungftenic  acid,  difengaged  by  this  decompo- 
fition,  is  feized  by  the  volatile  alkali.  The 
ammoniacal  fait,  formed  by  this  laft  folution, 
is  decompofed  by  the  nitrous  acid,  whofe 
affinity  to  the  volatile  alkali  is  greater  than 
that  of  the  tungftenic  acid ;  and  as  the  latter 
acid  is  much  lefs  foluble  than  the  ammonia- 
cal tungften,  it  is  precipitated  in  the  form 
of  a  white  powder.  This  powder  is  wafhed 
with  cold  diftilled  water,  in  order  that  the 
acid  may  be  had  very  pure. 

This  acid  may  be  likewife  obtained  by  an- 
other procefs,  which  Mr.   Scheele  has  em- 
ployed 
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ployed  with  equal  fuccefs.  One  part  of  pul- 
verized tungften  is  fufed  in  an  iron  crucible, 
with  four  parts  of  cretaceous  tartar.  This 
mafs  is  lixiviated  with  twelve  parts  of  boiling 
water,  and  nitrous  acid  is  added  till  it  no 
longer  produces  any  effervefcence.  The  un- 
difTolved  part  is  again  fufed  with  four  parts 
of  cretaceous  tartar,  lixiviated  with  water, 
and  treated  with  nitrous  acid,  till  the  ef- 
fervefcence ceafes.  The  refidue  then  con- 
lifts  of  a  fmall  quantity  of  quartz,  the  whole 
of  the  tungften  being  decompofed.  For 
the  fixed  vegetable  alkali  duririg  the  fufion 
combines  with  the  tungftenic  acid,  and  forms 
a  peculiar  neutral  fait;  while  the  cretaceous 
acid  unites  with  the  lime,  which  it  converts 
into  chalk.  When  the  melted  mafs  is  lixi- 
viated, the  water  diflblves  the  tungftenic 
tartar,  and  the  infoluble  chalk  remains.  The 
nitrousacid  which  is  applied,  after  the  water> 
diflblves  the  chalk  with  effervefcence,  with-* 
out  acting  on  the  portion  of  tungften,  which 
the  cretaceous  fixed  alkali  in  the  nrft  meltincj 
did  not  decompofe.  In  the  fecond  operation, 
the  tungften  being  completely  decompofed 
by  the  additional  alkali,  the  nitrous  acid  takes 
up  the  whole  of  the  chalk  ;  fo  that  by  the 
fucceftive  application  of  eight  parts  of  creta- 
ceous fixed  alkali,  and  a  fmall  quantity  of 
aqua  fortis,  the  component  parts  of  the: 
tungften  are  completely  feparated^  its  acid 
uniting  with  the  alkali,  and  its  lime  combin- 
VoL.   II.  S  ing 
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ing  with  the  nitrous  acid.  By  precipitating 
the  calcareous  nitre  by  means  of  vegetable 
alkali,  the  quantity  of  lime  contained  in  the 
tungften  is  known.  The  tungftenic  acid  re- 
mains to  be  feparated  from  its  alkali,  which 
is  effeded  by  the  procefs  defcribed  in  the 
iirft  method.  A  fufficient  quantity  of  ni- 
trous acid  is  poured  into  the  water  made  ufe 
of  in  washing  the  melted  tungften.  The 
lixivium  becomes  turbid  by  the  precipita- 
tion of  the  tungften  acid,  which  is  difen- 
gaged  in  confequence  of  the  combination 
that  takes  place  by  ftronger  affinity  between 
the  nitrous  acid  and  the  alkali.  The  preci- 
pitate is  waftied  with  cold  water,  and  con- 
fifts  of  the  pure  tungften  acid  in  the  form  of 
a  white  powder,  as  in  the  former  operation. 
This  laft  procefs  is  to  be  preferred  as  the 
leaft  troublefome  and  expenfive. 

The  marine  acid  adts  on  tungften  in  the 
fame  manner  as  the  nitrous,  and  decompofes 
it.  As  it  produces  a  deeper  yellow  colour, 
Bergman  recommends  it  for  aflaying  or  dif- 
covering  this  earthy  fait. 

The  tungftenic  acid,  or  white  powder  ob- 
tained by  any  of  thefe  three  procefles,  be- 
comes yellow,  brown,  and  black,  when 
urged  by  the  blow-pipe;  but  neither  melts, 
nor  becomes  volatilized. 

It  is  foluble  in  twenty  parts  of  boiling 
water,-  the  folution  has  an  acid  tafte,  and 
reddens  turnfole. 

The 
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The  tungften  acid  appears  to  form  with 
ponderous  earth  a  fait  abfolutely  infoluble  in 
water,  and  with  magnefia  another  fait  of 
very  difficult  folubility. 

When  a  folution  of  this  acid  is  poured  in- 
to lime-water,  a  precipitation  is  obferved  to 
begin,  which  is  greatly  augmented  by  heat, 
and  coniifts  of  regenerated  tungften,  accord- 
ing to  Scheele. 

The  tungften  acid,  faturated  with  fixed 
vegetable  alkali,  affords  a  fait  which  preci- 
pitates in  very  fmall  cryftals,  whofe  form 
has  not  been  afcertained.  Mr.  Scheele  does 
not  fpeak  of  its  combination  with  the  alkali 
of  foda.  According  to  him,  it  forms  with 
the  volatile  alkali  a  fal  ammoniac  in  the  form 
of  very  fmall  needles.  This  ammoniacal 
tungften  expofed  to  heat  in  a  retort,  fuffers 
the  volatile  alkali  to  efcape,  and  the  tung- 
ften acid  remains  in  the  form  of  a  dry  yel- 
lowifh  powder.  The  fame  fait  decompofes 
calcareous  nitre,  and  again  forms  tungften. 

The  tungften  acid  heated  with  the  vitri- 
olic acid  affumes  a  blueifti  colour:  with  the 
nitrous  and  marine  acids  it  becomes  of  a  citron 
yellow  like  tungften ;  it  precipitates  liver 
of  fulphur  of  a  green  colour.  Mr.  Scheele 
has  not  determined  the  caufe  of  thofe  changes. 

That  chemift  having  obferved  that  the 
tungftenic  acid  is  eafily  coloured  by  com- 
buftible  bodies,  and  gives  a  blue  colour  to 
vitreous  fluxes,   as  borax,    &6.   heated  the 

S  2  acid 
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acid  With  linfeed  oil  in  a  crucible,  but  he 
did  not  obtain  any  metal,  the  acid  only  being 
blackened.  Bergman,  from  the  confidera- 
ble  weight  of  this  acid,  the  colour  it  takes 
with  inflammable  bodies,  and  its  precipita- 
tion by  the  Pruffian  alkali,  thinks  it  is  of 
metallic  origin. 

Meflrs.  De  Luyarts  have  partly  confirmed 
this  conjecture  by  the  analyfis  of  wolfram,  a 
fubftance  confidered  by  moft  naturalifts  as 
a  meagre  ore  of  iron,  from  which,  by  treat- 
ment with  marine  acid,  they  obtained  the 
tungften  acid,  and  fucceeded  in  reviving  it 
into  a  peculiar  regulus.  The  wolfram  they 
examined  was  procured  from  the  tin  mine 
of  Zinnwald.  It  is  cryftallized  into  hexa- 
hedral  flat  prifms,  with  the  metallic  brillian- 
cy of  a  leafy  fracSure,  and  may  be  cut  with 
a  knife.  From  the  centenary  of  this  fub- 
ftance they  obtained  22  parts  of  black  calx 
of  manganefe,  a  femi-metal  hereafter  to  be 
defcribed  ;  1 2  calx  of  iron,  64  of  the  yel- 
low tungftenic  acid,  and  2  of  quartz.  They 
have  likewife  analyzed  the  tungften  from  the 
tin  mines  of  Schleckenwald  in  Bohemia,  and 
obtained  68  pounds  of  yellow  tungftenic 
acid,  and  30  of  lime  per  hundred.  They 
likewife  fucceeded  in  combining  wolfram 
with  metals,  and  producing  alloys. 

As  this  mineral  is  very  rare,  no  chemift 
that  1  know  of  has  yet  repeated  and  con- 
firmed 
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firmed  the  experiments  of  Meflrs.  De  Luy- 
arts. 

This  ihort  account  fliews  how  much  re- 
mains to  be  done,  in  order  to  difcover  the 
nature  and  properties  of  tungften  and  its 
acid  j  more  efpecially  the  combinations  it 
forms  with  other  bodies,  which  have  as  yet 
been  fcarcely  attended  to.* 

*It  does  not  appear  from  the  text,  that  the  ingenious 
author  had  it^X).  more  than  an  abftraa  of  the  excellent  Me- 
moirs of  Meflrs.  De  Luyarts,  which  is  printed  in  the  Tran- 
fadions  of  the  Royal  Bifcayan  Society  of  Friends  to  their 
Country,  for  the  year  1783  ;  and  was  publiftied  in  the  year 
1785  in  London,  by  Charles  Cullen,  Efq. ;  together  with 
the  papers  of  Scheele  and  Bergman,  in  the  Englifh  lan- 
guage. From  this  valuable  pamphlet  the  following  facls 
are  feledted :  i.  The  white  powder  or  acid  obtained  by 
Scheele  in  the  humid  way,  is  a  triple  fait,  compofed  of 
tungften  calx  or  acid,  nitrous  acid,  and  volatile  alkali.  2. 
The  white  matter  obtained  in  the  dry  way,  is  li-kewife  a 
triple  fait,  containing  tungften  calx  or  acid,  nitrous  acid, 
and  fixed  alkali.  3.  The  laft  mentioned  fait  being  re- 
peatedly boiled  with  nitrous  acid,  and  calcined  in  a  cupel- 
ling furnace,  becomes  of  a  yellow  colour,  and  infipid ;  not  {o- 
luble  in  v/ater,  though  it  forms  an  emulfion  with  that  fluid, 
which  does  not  fubfide  for  ibme  months  ;  not  acSted  on  by, 
nor  forming  an  emulfion  v/ith,  the  vitriolic,  nitrous,  or  ma- 
rine acids  ;  coloured  blue,  by  acetous  acid  \  combinable 
with  alkalis,  and  colouring  vitreous  fluxes.  4.  The  yel- 
low matter  treated  w4th  charcoal  in  a  violent  heat,  affords 
a  button,  containing  a  congeries  of  metallic  globules  of  a 
fteel-like  fracture  and  fpecific  gravity  of  17,6.  5.  This 
metal  is  more  difficult  of  fufion  than  manganefe  ;  becomes 
converted  into  the  yellow  matter  by  calcination,  at  the  fame 
time  that  its  abfolute  weight  is  augmented  ;  and  forms  pe- 
culiar alloys  with  the  ether  metals.  6.  The  difcoverers 
call  this  metal  wolfram.     T. 

S  q  CHAP. 
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CHAP.       XIL 

Recapitulation   of    Fads,    and  Comparifon 
of  the  Mineral  Salts  with  each  other. 

A  FTER  having  exhibited  the  ftate  of 
-^^  our  knowledge,  as  far  as  it  refpedls 
the  properties  of  all  the  known  mineral  falts, 
we  think  it  neceffary  to  give  a  fliort  ac- 
count of  their  leading  characters,  proper- 
ties,  and  mutual  attractions. 

I.  Salts  are  diftinguiflied  by  four  general 
properties,  tafte,  tendency  to  combination, 
folubility,  and  incombuftibility.  Thefe  pro- 
perties have  very  different  degrees  of  energy, 
and  thefe  degrees  conftitute  the  mofl  eiTential 
differences  that  exifl  between  them. 

II.  All  falts  may  be  reduced  to  four  orders 
or  principal  genera,  i .  The  falino-terreflrial 
fubftances,  which  unite  the  earthy  to  the  fa- 
line  properties.  2.  Alkalis,  which  have  an 
urinous  tafle,  and  change  the  colour  of  many 
tables  from  blue  to  green.  3.  Acids  known 
by  their  four  tafte,  and  the  red  colour  they 
produce  with  blue  vegetable  fubftances.  4. 
Mean,  or  neutral  falts,  which  differ  from  the 
foregoing  by  their  weaker  tafte,  which  is  mix- 
ed, bitter,  &c.  lefs  degree  of  folubility,  &c, 

III.  There  are  three  falino-terreftrial  fub- 

ftances I 
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ftances ;  ponderous  earth  or  barytes,  mag- 
neiia,  and  lime.  Their  properties  are  known, 
but  not  their  compofition.  No  chemift  has 
yet  fucceeded  in  feparating  their  component 
parts,  and  forming  them  again  by  combina- 
tion. They  are  therefore  iimple  or  elemen- 
tary fubftances,  with  refpecft  to  the  prefent 
ftate  of  fcience,  though  we  may  perhaps 
fucceed  hereafter  in  our  attempts  to  decom- 
pofe  them. 

IV.  Three  alkaline  falts  are  known ;  the 
fixed  vegetable  alkali,  called  fait  of  tartar  or 
pot  afh ;  the  mineral  alkali,  likewife  called 
the  marine  alkali  or  foda ;  and  the  volatile 
alkali.  The  two  firft  are  dry,  folid,  cauftic, 
fufible,  deliquefcent,  &c.  not  diftinguifh- 
able  from  each  other  when  pure,  but  eafily 
known  by  their  combinations.  No  experi- 
ment has  yet  fhewn  their  intimate  compo- 
fition ;  their  principles  have  not  been  fepa- 
rated,  neither  have  they  yet  been  formed  by 
any  combination. 

That  opinion  which  regards  alkalis  as  an 
union  of  water  and  earth,  is  merely  an  in- 
genious hypothefis,  which  cannot  be  main- 
tained, becaufe  fupported  by  no  plaufible 
fadt.  Volatile  alkali  differs  from  the  two 
foregoing,  becaufe  it  exifls  in  the  form  of  an 
elaftic  fluid  of  a  very  penetrating  fmell,  &c. 
It  is  at  prefent  more  than  fufpe(^l:ed,  that  it 
is  a  compound  of  twogafes,  inflammable  gas 
and  atmofpheric  mephitis  3  that  it  is.  decom- 
S  4  pofed 
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pofed  In  many  operations,  and  formed  agajn 
in  others. 

V.  The  well  known  acids  are  fix  in  num- 
ber J  the  cretaceous,  the  marine,  the  fparry, 
the  nitrous,  the  vitriolic,  and  the  fedative. 
All  have  peculiar  and  diftincflive  properties. 
The  cretaceous,  marine,  and  fparry  acids, 
aflume  the  elaflic  or  aeriform  ftate  very 
readily ;  the  vitriolic  and  nitrous  acids  do 
not  affume  it  with  equal  facility ;  the  feda- 
tive acid  is  concrete  and  cryftalline.  The 
acids  of  molybdena  and  tungften,  which  we 
have  treated  of  in  a  fupplementary  chapter, 
are  concrete,  but  pulverulent,  and  without 
a  regular  cryftalline  form. 

VI.  We  begin  to  be  acquainted  much 
better  than  formerly  with  the  nature  of  acids. 
It  is  proved,  that  the  hypothefis,  which  con- 
sidered thern  as  an  intimate  union  of  water  and 
earth,  is  no  longer  probable.  It  is  demon- 
ftrated,  that  vital  air  enters  into  their  compo-? 
iition  ',  that  this  vital  air  is  often  united  with 
a  combuftible  body,  as  charcoal  in  the  creta- 
ceous acid,  fulphur  in  the  vitriolic  acid,  ni- 
trous gas  in  the  nitrous  acid.  The  formation 
of  a  great  number  of  peculiar  acids  by  the  ac- 
tion of  the  nitrous  acid  on  combuflible  bo- 
dies, confirms  this  afTertion  refpeding  the 
neceffity  of  vital  air  to  conltitute  acids ;  for 
which  reafon  Mr.  Lavoifier  diftinguiflies  vi- 
tal air  by  the  name  of  the  oxyginous  or  acir 
difying  principle. 

VII.  Acids 
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VII.  Acids  unite,  without  decompofition, 
with  clay,  ponderous  earth,  magnefia,  lime, 
and  the  alkalis.  From  thefe  combinations 
refult  a  great  number  of  falts,  called  com- 
pound, middle,  or  neutral  falts.  Subflances, 
which  neutralize  acids  in  faline  compounds, 
are  called  bafes. 

VIII.  Middle,  or  neutral  falts,  have  pra- 
perties  which  differ  from  thofe  of  their  com-i 
ponent  parts.  In  moft  of  them,  we  cannot 
diftinguifh  the  chara<5ter  either  of  the  acid 
or  bafe.  The  latter,  however,  rather  than 
the  acid,  appears  to  communicate  certain 
general  properties  to  neutral  falts ;  for 
which  reafon  we  have  diftinguifhed  neutral 
falts  by  their  bafes. 

IX.  On  this  principle  there  are  fix  genera 
of  neutral  falts,  whofe  order,  compofition,. 
and  nomenclature,  are  as  follow. 

Genus  I,     Neutral  Salts,  with  Base 
OF  Fixed  Alkali. 

Species  I.  Vitriolic  acid,  and  vegetable 
fixed  alkali ;  vitriolated  tartar,  or  rather  vi- 
triol of  pot-a(h. 

Species  II.  Vitriolic  acid  and  mineral 
fixed  alkali ;  Glauber's  fait,  or  rather  vitriol 
of  foda. 

Species  III.  Nitrous  acid  and  vegetable 
fixed  alkali  5  nitre,  or  nitre  of  pot-a(h. 

Species  IV.      Nitrous  acid    and  mineral 

fixed 
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fixed  alkali  -,  rhomboidal  nitre,  cubic  nitre, 
or  rather  nitre  of  foda. 

Species  V,  Marine  acid  and  vegetable 
fixed  alkali ;  febrifuge  fait  of  Sylvius,  or 
rather  muriate  of  foda. 

Species  VI.  Sedative  acid  and  vegetable 
fixed  alkali  ;   borax  of  pot-afli. 

Species  VII.  Sedative  acid  and  mine- 
ral fixed  alkali ;  common  borax,  borax  of 
foda. 

Species  VIII.  Sparry  or  fluor  acid,  and 
vegetable  fixed  alkali ;  fparry  tartar,  or  ra- 
ther fluor  of  pot-a{h. 

Species  IX.  Fluor  acid  and  fixed  mineral 
alkali ;  fparry  foda,  or  rather  fluor  of  foda. 

Species  X.  Cretaceous  acid  and  fixed  ve-^ 
getable  alkali ;  cretaceous  tartar,  or  rather 
chalk  of  pot-afh. 

Species  XL  Cretaceous  acid  and  fixed 
mineral  alkali  j  cretaceous  foda,  or  rather 
chalk  of  foda. 

Genus   II.       Neutral    Ammoniacal 
Salts. 

Species  I.  Vitriolic  acid  and  volatile  aU 
kali;  ammoniacal  vitriol. 

Species  II.  Nitrous  acid  and  volatile  al- 
kali; ammoniacal  nitre. 

Species  III.  Marine  acid  and  volatile  al« 
kali;  fal  ammoniac,  or  rather  ammoniacal 
muriate. 

Species 
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Species  IV.  Sparry  acid  and  volatile  al- 
kali ;  ammoniacal  fluor. 

Species  V.  Sedative  acid  and  volatile  al- 
kali ;  ammoniacal  borax. 

Species  VI.  Cretaceous  acid  and  volatile 
alkali;  ammoniacal  chalk. 


Genus   III.      Calcareous   Neutral 
Salts. 

Species  I.  Vitriolic  acid  and  lime ;  plaf- 
ter,  gypfum,  felenite,  or  rather  calcareous 
vitriol. 

Species  II,  Nitrous  acid  and  lime  ;  cal- 
careous nitre. 

Species  III.  Marine  acid  and  lime ;  cal- 
careous marine  fait,  or  rather  calcareous 
muriate. 

Species  IV.  Fluor  acid  and  lime;  vi- 
treous fpar,  cubic  fpar,  fufible  or  fluor  fpar, 
fparry  fluor,  or  rather  calcareous  fluor. 

Species  V.  Sedative  acid  and  lime ;  cal- 
careous borax. 

Species  VI.  Cretaceous  acid  and  lime ; 
chalk,  calcareous  fpar,  or  rather  calcareous 
chalk. 

Genus    IV.       Magnesian    Neutral 
Salts. 

Species  I.  Vitriolic  acid  and  magnefia; 
Epfom  fait,  or  rather  magnefian  vitriol. 

Species 
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Species  II.  Nitrous  acid  and  magnefia; 
magnefian  nitre. 

Species  III.  Marine  acid  and  magnefia  ; 
marine  fait  of  magnefia,  or  rather  magnefian 
muriate. 

Species  IV.  Fluor  acid  and  magnefia; 
magnefian  fluor. 

Species  V.  Sedative  acid  and  magnefia; 
magnefian  borax. 

Species  VI.  Cretaceous  acid  and  mag- 
nefia ^  efFervefcent  magnefia,  or  rather  mag- 
nefian chalk. 

Genus    V.      Neutral    Argillaceous 
Salts. 

Species  I.  Vitriolic  acid  and  clay ;  alum, 
or  rather  argillaceous  vitriol. 

Species  II.  Nitrous  acid  and  clay  ;  alu- 
minous nitre,  nitrous  alum,  or  rather  argil- 
laceous nitre. 

Species  III.  Marine  acid  and  clay;  ar- 
gillaceous marine  fait,  aluminous  fait,  or 
rather  argillaceous  muriate. 

Species  IV.  Fluor  acid  and  clay  ;  fparry 
clay,  or  rather  argillaceous  fluor. 

Species  V.  Sedative  acid  and  clay  ;  ar- 
gillaceous borax. 

Species  VI.  Cretaceous  acid  and  clay; 
efFervefcent  clay,  or  rather  argillaceous 
chalk. 

Genus 
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Genus  Vr.   Neutral  Salts,  with  Base 
OF    Ponderous  Earth,    or  Barytic 

Neutral  Salts. 

Species  !•  Vitriolic  acid  and  barytes ; 
ponderous  fpar,  or  rather  barytic  vitriol. 

Species  II.  Nitrous  acid  and  barytes ; 
ponderous  nitre,  or  rather  barytic  nitre. 

Species  III.  Marine  acid  and  barytes ; 
ponderous  marine  fait,  or  rather  barytic 
muriate. 

Species  IV.  Fluor  acid  and  barytes ; 
barytic  fluor. 

Species  V.  Sedative  acid  and  barytes  > 
barytic  borax. 

Species  VI.  Cretaceous  acid  and  barytes ; 
cretaceous  ponderous  earth,  or  rather  barytic 
chalk. 

X.  To  thefe  falts  may  be  joined  luch  as 
are  formed  by  the  acids  of  molybdena  and 
tungften  ;  the  former  of  which  may  be  dif- 
tinguifhed  by  the  terms  molybdena  of  pot- 
afh,  of  foda,  ammoniacal,  calcareous,  mag- 
nefian,  argillaceous,  barytic  ;  and  the  latter, 
tungften  of  pot-afli,  of  foda,  ammoniacal, 
&c. 

XI.  Each  peculiar  fait,  whether  it  be 
fimple  or  compound,  pofTefTes  diftinguifhing 
characters,  by  which  it  may  be  known  from 
every  other.      Thefe   charaders   confift   in 

their 
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their  tafte,  their  figure,  and  their  habitudes^ 
with  refped:  to  fire,  air,  the  earths,  and 
falts.  They  cannot  be  well  diftinguifhed, 
but  by  a  careful  attention  to  all  their  pro- 
perties, by  comparing  them  with  each  other, 
and  efpecially  by  attending  to  fuch  properties 
as  are  the  mofl;  peculiar. 

XII.  Though  moil  of  the  fimple  falts 
in  common  ufe,  more  efpecially  the  neu- 
tral, are  produced  by  art,  yet  nature  oflfers 
them  in  large  quantities,  either  at  the  fur- 
face,  or  at  fmall  depths  in  the  earth.  Nei- 
ther pure  barytes,  nor  magnefia,  have  yet 
been  found.  Quick-lime  exifts  in  the  neigh- 
bourhood of  volcanos.  Fixed  alkalis  are 
never  cauftic  at  the  furface  of  the  earth,  but 
are  combined  with  acids.  The  cretaceous  acid 
is  contained  in  the  atmofphere,  fills  feveral 
fubterraneous  cavities,  and  is  difengaged 
from  many  waters.  The  marine  acid  ap- 
pears to  be  at  liberty  at  the  furface  of  the  fea. 
The  fparry  acid  is  always  found  combined 
with  lime.  The  nitrous  acid  is  found  a- 
mongft  putrified  matters.  The  vitriolic 
acid  has  been  found  cryftallized,  by  Mr. 
Baldoftari,  in  a  grotto  at  the  baths  of  St. 
Philip  in  Italy ;  and  by  Mr.  Dolomieu,  in 
a  grotto  near  Mount  ^tna.  Mr.  Vandelli 
has  alfo  obferved,  in  the  neighbourhood  of 
Sienna  and  Viterbo,  the  vitriolic  acid  dif- 
folved  in  water  ilTuing  from  amongft  rocks. 
The  fulphureous  acid  is  continually  difen- 
gaged 
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gaged  in  volcanic  places.  The  fedative  acid 
is  diffolved  in  the  water  of  many  of  the  lakes 
in  Tufcany,  according  to  Mr.  Hoefer. 

XIII.  Among  the  forty-two  fpecies  of 
neutral  falts,  the  following  only  have  been 
found  at  the  furface  of  the  globe,  in  the 
waters,  or  among  the  fluids  of  organized 
bodies,  in  the  genus  of  perfedl  neutral  falts, 
with  bafe  of  fixed  alkali  :  vitriolated  tartar 
in  vegetables ;  Glauber's  fait,  diffolved  in 
water,  and  exifling  in  certain  plants  ^  nitre 
in  the  juices  of  vegetables,  and  in  earths 
impregnated  with  putrid  matters  -,  febrifuge 
fait  in  water  and  marine  plants ;  marine  fait 
in  earth,  water,  fea  plants,  and  animal  flu- 
ids i  cretaceous  tartar  in  vegetables ;  creta- 
ceous foda  in  efilorefcence,  on  the  furface 
of  the  earth,  on  flones,  and  in  the  animal 
fluids.  It  is  not  well  determined  whether 
borax  is  ever  found  native.^  Cubic  nitre, 
fluor  of  pot-afh,  fluor  of  foda,  and  borax  of 
pot-afh,  are  always  produced  by  art. 

XIV.  Among  the  ammoniacal  falts,  none 
are  found  in  nature,  excepting  fal  ammo- 
niac, in  the  neighbourhood  of  volcanos,  ana 
ammoniacal  chalk  in  putrified  animal  mat- 
ters. Ammoniacal  vitriol,  ammoniacal  nitre, 

*  Mr.  Grill  Abrahamfon  fent  fome  borax  to  Sweden, 
in  the  year  1772,  in  a  cryftalline  form,  as  dug  out  of  the 
earth,  in  the  kingdom  of  Thibet,  where  it  is  called 
pounxa,  my  poun,  and  houi  poun,  Kirwan's  Mineralogy, 
page  206.     T. 

ammo- 
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ammoniacal  fluor,  and  ammoniacal   borax", 
are  always  produced  by  art. 

XV.  Neutral  calcareous  falts  are  abun- 
dantly found,  there  being  but  one  of  the 
fix  fpecies  we  know,  which  is  not  produced 
in  nature.  Calcareous  vitriol,  or  felenite, 
forms  confiderable  beds  in  mountains :  chalk, 
or  calcareous  fubftances,  conftitute  a  great 
part  of  the  external  cruft  of  the  earth  :  cal- 
careous nitre  conftantly  accompanies  com- 
mon nitre  in  the  places  where  it  is  pro- 
duced ;  calcareous  marine  fait,  or  calcareous 
muriate,  is  likewife  conftantly  found  to  ac- 
company fal-gem,  or  the  fait  diffolved  in  wa- 
ters. Fluorfparisabundantlyfound  in  mines. 

XVI.  Magnefian  falts  are  much  more 
rarely  found  in  nature,  Epfom  fait,  and 
marine  magnefian  fait,  being  only  found 
diffolved  in  certain  w^aters.  Magnefian  nitre 
likewife  exifts  but  in  very  fmall  quantities. 
Nature  has  not  yet  been  found  to  afford  mag- 
nefian borax,  magnefian  fluor,  and  magnefian 
chalk;  the  latter,  however,  appears  to  exifl, 
x>r  is  combined,  in  many  ftones. 

XVII.  Among  the  ponderous  or  barytic 
neutral  falts,  ponderous  fpar  is  the  only  one 
met  with  ;  it  is  found  in  the  clefts  of  moun- 
tains, and  always  in  the  vicinity  of  mines. 
Nitre,  marine  fait,  borax,  fluor,  and  chalk, 
w'ith  bafe  of  barytes,  have  not  yet  been  dif- 
covered  in  a  natural  ftate.  * 

*  For  native  aerated  ponderous  earth,  fee  Phil.  Tranf. 
for  1784.    T. 

XVIII.  Argil- 
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XVIII.  Argillaceous,  or  aluminous  falts, 
arc  nearly  as  fcarce  ;  alum  is  almoft  the  only 
fait  of  this  genus  which  is  found  ready 
formed.  It  exifts  in  volcanos,  and  volca- 
nized  earths ;  in  efflorefcence,  on  decom- 
pofed  lavas ;  and  is  alfo  contained  in  pyrites 
which  have  fallen  into  efflorefcence. 

Nitre,  muriate,  borax,  and  fluor,  with 
bafes  of  clay,  are  mere  artificial  produdls  : 
clay  is  frequently  combined  with  cretaceous 
acid,  there  not  being  any  earth  of  this  fpecies 
from  which  that  acid  may  not  be  feparated 
by  the  application  of  a  ftronger. 


CHAP.      XIII. 

An  Examination  of  certain  peculiar  Proper- 
ties of  Salts,  particularly  their  Cryftal- 
lization,  Fufibility,  Efflorefcence,  or  De- 
liquefcence.  Solubility,  &c, 

^T^HE  properties  of  fimple  and  neutral  falts,i 
•^  which  we  have  confidered  in  each  fingly, 
require  to  be  again  attended  to,  in  a  compara- 
tive view,  in  order  to  deduce  feveral  ufeful 
general  refults;  with  this  intention,  we  fhall 
proceed  to  treat  of  their  cryftallization,  fufi- 
bility, efflorefcence,  deliquefcence,  and  folu- 
bility  in  water. 

Cryfl:alli2ation,    confidered  in  general  in 
Vol.  II.  T  .  all 
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all  the  bodies  which  poffefs  that  property, 
confifts  in  a  tendency  to  aliume  a  regular 
form  under  certain  circumftances.  Moft 
minerals  polTefs  it ;  but  it  is  more  eminent 
in  faline  fubftances  than  in  any  others.  The 
circumftances  which  favour  its  exiftence, 
(and  without  which  it  cannot  take  place)  are 
reducible  to  the  two  following,  as  far  as  re- 
lates to  falts :  I.  The  particles  muft  be 
divided,  and  feparated  frorn  each  other,  fo 
that  they  may  afterwards  tend  to  unite,  by 
the  application  of  fuch  fides  or  faces  as  have 
the  ftrongeft  affinity  with  each  other.  2.  It 
is  neceifary  that  this  approach  of  the  parts 
take  place  gradually,  by  the  gradual  fub- 
flradion  of  the  fluid.  Hence  it  is  eafily 
conceived,  that  cryftallization  is  effed:ed  by 
virtue  of  an  attraction  between  the  particles, 
or  the  affinity  of  aggregation,  which  tends 
to  bring  them  together.  Thefe  conlidera- 
tions  affi^rd  reafon  to  think,  that  the  in- 
tegrant parts  of  a  fait  have  a  peculiar  form, 
and  that  the  different  form  affisdled  by  each 
*  faline  fubftance  in  its  cryftallization,  is  a 
confequence  of  this  figure.  And  we  are 
equally  led  to  conclude,  that  the  fmall  poly- 
hedral figures  of  the  particles  of  fait,  having 
fome  faces  more  extended  than  others,  may 
have  a  tendency  to  approach  and  unite  by  fuch 
"faces  as  are  the  largeft.  This  being  fuppofed, 
it  will  eafily  be  conceived,  that  when  the 
fluid  which  kept  them  afunder,  is  fubftradted, 

they 
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they  will  unite  by  fuch  faces  as  are  the  beft 
adapted,  or  have  the  llrongeft  affinity  to  each 
other ;  and  that  if  the  fluid  be  withdrawn  gra- 
dually, fo  as  to  afford  time  for  the  ialine  par- 
ticles to  arrange  themfelves  in  the  beft  man- 
ner, the  cryftallization  will  be  regular  :  but 
on  the  contrary,  that  a  too  fpeedy  privation 
of  the  fluid  will  caufe  them  to  approach  fud- 
denly,  and  to  unite  by  the  faces  which  firft 
prefent  themfelves;  in  which  cafe  the  cryf- 
tallization  will  be  irregular,  and  the  form 
not  eafily  determined  :  or  if  the  evaporation 
be  ftill  more  fudden,  the  fait  will  take  the 
form  of  a  concrete  mafs,  of  an  appearance 
fcarcely,   if  at  all,   cryftalline. 

The  art  of  cryftallizing  faline  matters  is 
founded  on  thefe  fundamental  truths.  All 
falts  are  cryftallizable,  though  with  different 
degrees  of  facility ;  fome  cryftallize  fo  rea- 
dily, that  we  conftantly  fucceed  in  procur- 
ing them  in  their  regular  form  ;  others  re- 
quire more  care  and  precaution  ;  others  again 
are  fo  difficultly  obtained  in  this  ftate,  that 
it  has  not  yet  been  accompliflied.  To  fuc- 
ceed in  attempts  of  this  nature,  it  is  necef- 
fary  to  pay  great  attention  to  the  particular 
properties  of  each  fait.  The  firft  ftep  is 
to  diffolve  the  faline  fubftance  in  water : 
but  there  are  fome  diffolved  with  fo  much 
difficulty,  by  the  means  we  poffefs,  that  it  is 
almoft  impoffible  to  obtain  the  regular  ap- 
proach of  the  particles  ;  fuch  are  felenite, 
T  2  calcareous 
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calcareous  fpar,  and  fluor  fpar.  Nature  conti- 
nually prefents  thefe  neutral  terreftrial  falts, 
in  very  regular  cryftals,  not  imitable  by  art, 
but  after  long  time  :  and  many  eminent  phi- 
lofophers  ftill  doubt  the  poffibility  of  this 
procefs,  which  we  give  on  the  authority  of 
Mr.  Achard  ;  it  confifts  in  paffing  water, 
which  has  flood  a  long  time  on  falts  of  dif- 
ficult folubility,  throu^  a  very  narrow 
aperture,  and  procuring  a  very  flow  eva- 
poration. On  the  contrary,  other  faline 
matters  are  fo  foluble,  and  unite  fo  ftrong- 
ly  with  water,  that  they  are  not  feparated 
but  with  great  difficulty,  and  are  fcarce- 
ly  to  be  obtained  in  a  regular  form  :  this 
is  the  cafe  with  all  deliquefcent  falts,  fuch 
as  the  calcareous  and  magnelian  nitres  and 
marine  falts. 

It  cannot  be  doubted,  but  that  each  fait 
has  its  peculiar  mode  of  cryflallization  ;  or, 
which  is  the  fame  thing,  that  its  integrant 
parts  have  a  determinate  form,  differing 
from  that  of  every  other  fait :  fuch  is  doubt- 
lefs  the  caufe  of  the  remarkable  varieties 
among  cryflals.  Simple  falts,  from  the  fa- 
lino-terreftrial  fubftances  to  the  mofl  pow- 
erful acids,  have  not  in  general  any  diftin- 
guifhing  form ;  there  are  but  few  circumflan- 
ces  which,  without  intirely  deflroying  their 
peculiar  faline  properties,  caufe  them  to  af- 
fume  a  cryftalline  form,  as  is  the  cafe  with 
the  dephlogifticated  or  aerated  marine  acid, 

and 
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and  glacial  oil  of  vitriol.  Mr.  Bertholet, 
however,  affirms,  that  cauftic  alkalis  cryllial- 
iize  in  fcales  ;  and  that  the  acid  of  borax  uni- 
yerfally  exhibits  that  form.  Notwithftandr 
ing  this  apparent  conformity  among  Am- 
ple falts,  few  of  them  do  take  a  regular 
form  in  our  laboratories  -,  whether  it  be  that 
they  are  not  really  fufceptible  of  it,  or  whe- 
ther our  methods  be  infufficient  for  the  pur- 
pofe.  But  the  neutral  or  middle  falts  all  af- 
fed:  a  regular  form,  which  may  be  produced 
or  deflroyed  in  moft  of  them  at  pleafure. 
Wi^en  we  refiedt  on  this  property,  fo  diffe- 
rent from  that  of  fimple  falts,  it  becomes  an 
objedl  of  inquiry,  whether  it  depends  on  the 
acids,  or  on  the  bafes  by  which  thofe  acids 
are  neutralized.  It  does  not  feem  exclu- 
fively  to  depend  either  on  the  one  or  the 
other,  fince  the  fame  acids  form  falts  very 
differently  figured,  with  various  bafes ;  and 
the  fame  bafe,  combined  with  different  acids, 
prefents  a  like  difTimilarity  in  its  cryllals. 
The  diverfity  of  forms  in  compounds,  mufl 
therefore  be  attributed  to  the  total  change 
of  properties  which  arifes  from  combina- 
tion. 

There  are  three  methods  generally  ufed 
in  cryflallizing  falts  in  chemical  laborato- 
ries :  I .  Evaporation,  which  confifts  in  heat- ' 
ing  a  faline  folution,  fo  as  to  difTipate  the 
water  which  kept  the  particles  afunder.  The 
flower  this  evaporation  is,  the  more  regular 
T  3  will 
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will  be  the  cryftals  obtained.  Vitriolated 
tartar,  marine  fait,  febrifuge  fait,  felenite, 
and  magnefian  chalk,  are  cryftallized  in  this 
way.  Their  form  is  irregular,  if  the  eva- 
poration be  performed  too  quickly,  as  for 
example,  by  a  boiling  heat ;  but  by  a  fand 
heat,  of  about  150  degrees,  thefe  faline  fo- 
lutions  afford  very  regular  and  beautiful 
cryftals.  There  is  fcarcely  any  fait  which 
may  not  be  had  in  a  very  diftindl  form  by 
this  procefs,  if  fkilfully  conducted.  2.  Cool- 
ing is  fuccefsfully  employed  with  fuch  falts, 
as  are  more  foluble  in  hot  than  in  cold  water. 
It  is  eafy  to  conclude  that  a  fait  of  this 
kind  muft  cryftallize,  becaufe  it  is  lefs 
foluble  in  water,  whofe  temperature  is  di- 
miniftied.  The  portion  which  remained  in 
folution,  in  confequence  of  the  heat,  will 
be  feparated  in  proportion  as  the  fluid  be- 
comes cool;  and  when  it  is  intirely  cold, 
no  more  of  the  fait  will  remain  diifolved 
than  the  portion  which  cold  water  is  ca- 
pable of  fuftaining.  In  this  procefs,  as  in 
the  former,  the  more  flowly  the  water  cools, 
the  more  accurately  will  the  faline  particles 
approach  each  other,  and  in  the  moft  natural 
pofitions.  For  this  reafon,  all  fuch  faline  fo- 
^  lutions  muft  be  kept  for  fome  time  at  a  cer^ 
tain  degree  of  heat,  which  muft  be  afterwards 
gradually  diminifhed  to  the  freezing  point,  if 
neceffary.  It  muft  be  obferved,  in  fad:,  that 
all  falts,  which  may  be  cryftallized  by  this 

procefs. 
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procefs,  are  in  general  much  more  foluble 
than  thole  which  are  cryftallized  by  the 
former  procefs ;  that  a  ludden  refrigeration 
caufes  the  excefs  of  fait  to  be  uepolited  in  an 
irregular  mafs ;  and  that  regular  cryilals  can 
only  be  obtained  by  gradual  cooling.  In 
this  method,  beautiful  cryilals  of  Glauber's 
fait,  nitre,  cretaceous  foda,  cretaceous  tar- 
tar, fal  ammoniac,  &c.  may  be  obtained. 

3.  The  third  method  of  cryftallizing  falts, 
is  by  fpontaneous  evaporation.  With  this 
intention,  a  pure  faline  folution  is  expofed 
to  the  temperature  of  the  air,  in  capfules  of 
glafs,  or  earthen  ware,  covered  with  gauze,  to 
prevent  duit  from  falling  into  it,  without  im- 
peding the  evaporation  of  the  water :  a  fe- 
parate  chamber,  or  loft,  ufed  for  no  other 
purpofe,  is  beft  adapted  to  this  operation. 
The  folution  is  to  be  left  till  cryftals  are 
perceived,  which  in  fome  falts  does  not  hap- 
pen in  four  or  five  months,  or  longer.  This 
procefs,  in  general,  fucceeds  better  than  any 
other,  for  obtaining  very  regular  cryftals  of 
confiderable  magnitude ;  and  ought  to  be 
employed  with  all  falts,  if  time  permit,  as 
it  is  a  method  of  obtaining  them  perfedly 
pure.  Rhomboidal  nitre,  marine  fait,  bo- 
rax, alum,  Epfom  fait,  ammoniacal  vitriol, 
and  ammoniacal  nitre,  &c.  may  be  treated 
in  this  manner.  In  fome  circumftances, 
more  than  one  of  thefe  proceffes  are  advan- 
tageoufly  ufed  at  the  fame  time  j  more  efpe- 
T  4  cially 
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cially  when  the  very  deliquefcent  falts,  fuch 
as  calcareous  nitre  and  muriate*,  magnefian 
nitre  and  muriate,  &c.  are  to  be  cryftal- 
lized.  Thefe  folutions  are  ftrongly  evapo- 
rated, and  immediately  expofed  to  an  intenfe 
cold;  this  method,  however,  affords  only 
irregular  cryftals,  and  fometimes  concrete 
maffes,  of  an  indeterminate  figure.  The  want 
of  fuccefs,  in  cryftallizing  a  confiderable 
number  of  neutral  falts,  arifes  from  its  not 
being  precifely  determined  to  what  ftate  of 
concentration  each  folution  ought  to  be 
brought,  in  order  to  afford  cryftals.  The 
work,  which  is  eafy,  and  only  requires  time 
and  patience,  has  not  beeil  completely  fol- 
lowed by  chemifts.  This  ufeful  piece  of 
knowledge  confifts  in  the  fpecific  gravities 
of  the  faline  folutions :  its  advantages  have 
already  been  perceived  in  feveral  manufac- 
tories where  faline  matters  are  treated  in  the 
large  way ;  an  areometer  or  hydrometer  be- 
ing ufed  to  determine  the  requifite  degree 
of  denfity  or  concentration  of  the  faline  fo- 
lutions. 

Befides  thefe  different  methods  of  cryf- 
tallizing falts,  there  are  feveral  circumftan- 
ces  which  affift  their  operation,  whofe  in- 
fluence it  is  neceffary  to  bring  into  the  ac- 
count. A  flight  motion  is  fometimes  ufeful 
•  in  producing  cryftallization  ;  thus  we  find, 
that  by  carrying  from  place  to  place  the 
cups  containing  faline  folutions,  the  cryf- 
tallization 
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tallization  is  completed  a  few  inftants  after 
the  flighteft  agitation.  I  have  already  ob- 
ferved,  that  this  phenomenon  takes  place 
more  efpecially  in  nitre  and  calcareous  mu- 
riate. The  contact  of  air  is  likewife  indifpen- 
fably  neceflary  for  the  formation  of  cryftals. 
It  frequently  happens,  that  a  folution,  evapo- 
rated to  the  requifite  degree  for  affording 
cryftals,  remains  fluid  throughout,  in  a  well 
clofed  bottle;  though  the  fame  folution  cryf* 
tallizes  readily,  if  expofed  to  the  air  in  a  cup: 
this  obfervation  wa^  very  accurately  made 
by  Rouelle  the  elder.  The  form  of  the  vef- 
fdsy  and  the  immerflon  of  foreign  bodies  in 
faline  folutions,  greatly  influence  their  cryf- 
tallization.  The  firft  modifies  the  figure 
of  the  cryftals,  and  produces  a  very  great 
variety:  for  this  reafon  it  is,  that  threads, 
or  fmall  fticks,  are  placed  with  great  advan- 
tage in  the  cups  containing  the  faline  folu- 
tion. For  the  cryftals  which  adhere  to  the 
threads,  having  bafes  of  inconfiderable  mag- 
nitude, are  commonly  of  the  moft  regular 
form ;  while  fuch  as  fix  themfelves  to  the 
oblique,  irregular,  and  unequal  fides  of  the 
vefl!els  commonly  employed  for  this  ufe,  are 
more  or  lefs  truncated  and  irregular.  Fo- 
reign bodies,  plunged  in  faline  folutions, 
have  likewife  another  advantage;  they  pro- 
mote the  formation  of  cryftals,  which  would 
otherwife  have  been  much  more  flowly  ef- 
feded.    Thus  it  is,  that  a  piece  of  wood, 

or 
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or  a  ftone,  thrown  into  a  fait  fpring,  be- 
comes a  bafe,  on  which  the  water  depofits 
cryftals  of  marine  fait-.  From  the  obferva- 
tion  of  this  phenomenon,  fome  chemifts 
have  propofed  to  add  a  faline  cryftal  to  the 
folution  of  a  fait  which  does  not  readily 
cryftallize  ;  and  many  have  affirmed,  that 
the  cryftallization  of  falts,  which  it  is  very 
difficult  to  obtain  in  a  regular  form,  is  greatly 
favoured  by  this  means.  Such  are  the  prin- 
cipal caufes  which  influence  the  cryftalliza- 
tion of  falts  :  there  are  doubtlefs  many 
others,  which  the  future  obfervation  and 
inquiries  of  chemifts  will  make  known. 

The  feparation  of  any  fait  from  water, 
which  holds  it  in  folution,  cannot  be  eflfedt- 
ed  in  a  regular  form,  unlefs  the  fait  retains 
a  portion  of  the  fluid.  This  may  be  (hewn, 
in  a  convincing  manner,  by  diflfolving  in 
water  a  fait  reduced  to  powder  by  heat,  fuch 
as  calcined  alum,  or  borax,  or  Glauber's  fait 
fallen  into  efflorefcence,  which  will  be  found 
fometimes  increafed  to  double  in  their  cryf- 
tallization ;  that  is  to  fay,  an  ounce  of  the 
fait  treated  in  this  manner,  will  aflbrd  two 
ounces  of  cryftals.  Whence  it  is  concluded 
by  chemifts,  that  a  well  cryftallized  fait, 
contains  more  water  than  the  fame  fait  de- 
prived of  the  cryftalline  form  by  the  adion 
of  fire  or  air.  They  have  called  this  water 
by  the  name  of  water  of  cryftallization,  be- 
caufe  it  is  in  fadl  one  of  the  elements  of 

faline 
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faline  cryftals,  which  lofe  their  tranfparency 
and  regular  form  when  deprived  of  it.  Va- 
rious falts  contain  very  different  quantities 
of  the  water  of  cryftallization.  Some  con- 
tain the  half  of  their  weight,  as  Glauber's 
fait,  cretaceous  foda,  and  alum  ;  others  re- 
tain only  a  fmall  quantity  as  nitre,  marine 
fait,  &c. 

The  relative  quantity  of  water  of  cryftal- 
lization  in  all  cryftallizable  falts,  has  not  been 
well  determined.  It  may  be  abftrad:ed  from 
falts  without  their  effential  properties  being 
in  any  refpeft  altered,  and  is  itfelf  perfedlly 
pure  and  limilar  to  diftilled  water. 

As  we  have  (ctn  that  various  faline  fub- 
ftances  do  not  cryftallizc  by  the  fame  pro- 
ceffes,  or  in  circumftances  precifely  fimi- 
lar,  it  is  clear  that  this  property  may  be 
advantageoufly  ufed  as  the  means  of  feparat- 
ing  them  from  each  other.  In  this  manner 
a  fait  cryftallizable  by  cooling,  may  be  ob- 
tained feparate  from  another  fait,  which  is 
cryftallizable  only  by  continuing  the  evapo- 
ration 3  as  is  obferved  in  the  fait  fprings  of 
Lorraine,  which  contain  common  fait  and 
Glauber's  fait.  '  Notwithftanding  this,  it  fre- 
quently happens,  that  two  falts  diffolved  in 
the  fame  water,  however  different  their  man- 
ner of  cryftallization  may  be,  do  neverthe- 
lefs  vitiate  each  other's  cryftals,  and  cannot 
be  obtained  feparate,  but  by  repeated  folu- 
tions  and  cryftallizations.     This  obfervation 

applies 
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applie^%v^^^;^l  more  ftrongly  to  fuch  falts  as 
nearly  at  the  fame  time,  which 
difficult    to   feparate    from   each 
other,  efpecially  if  they  be  numerous.     For 
example,  if  the  fame  water  contain  four  falts 
alike  cryftallizable  by  evaporation,  or  cool- 
ing, it  will  be  impoffible  to   feparate  them 
by  one  or   two    fucceffive   cryftallizations ; 
and  thefe  operations  muft  be  multiplied  a 
confiderable  number  of  times,  that  the  flight 
differences  between  their  manner  of  cryflal- 
lization  may  produce  the  defired  effedl :  for 
it  muft  be  remarked,  that  no  two  falts  are 
precifely  alike  as  to  their  manner  of  cryftal- 
lization  by  cooling  or  evaporating.     If  fuch 
exifted    they   would  always   cryftallize   to- 
gether, and  could  never  be  obtained  fepa- 
rate by  this  method ;  a  circumftance  v/hich 
in  fadt  happens  with  fuch  falts  as  greatly 
refemble  each  other  in  this  property.    There 
are  other  falts  which  are  not  feparable  by 
cryftallization,  becaufe  they  adhere  or  com- 
bine together ;  fuch  in  general  are  the  neu- 
tral falts  formed  by  the  fame  acid,  and  cryf-^ 
tallizable  by  the  fame  procefs  as  Epfom  fait 
and  ammoniacal  vitriol.     But  thefe  Angular 
adhelions  of  neutral  falts  have  not  yet  been 
fufficiently    examined,    though    the  fubjecft 
well  deferves  the  attention  of  chemifts. 

Laftly,  to  conclude  this  fliort  hiftory  of 
the  cryftallization  of  falts,  we  muft'  add, 
that  there  is  another  method  of  obtaining 

them. 
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them,  which  confifts  in  precipitating  them 
from  their  folutions  by  the  addition  of  a 
fubftance  which  has  a  ftronger  affinity  for 
water.  Thus,  for  example,  fpirit  of  wine 
poured  into  a  faline  folution,  produces  this 
effedl  on  moft  neutral  falts ;  thofe  only  ex- 
cepted which  are  foluble  in  that  menftruum. 
The  fame  phenomenon  of  the  precipitation 
of  faline  cryllals  takes  place  in  the  mixture 
of  fome  falts,  whofe  folubility  is  very  dif- 
ferent, and  even  fometimes  by  the  mixture 
of  feveral  faline  folutions  with  each  other. 
Thus  we  find  that  Epfom  fait  diffolved  in 
water  appears  to  precipitate  a  folution  of 
ammoniacal  vitriol  in  the  form  of  cryftals  ; 
but  the  other  fadls,  which  accompany  thefe 
lingular  admixtures,  have  not  been  fuffi- 
ciently  afcertained  to  juftify  any  attempt  to- 
wards forming  a  theory. 

The  fufibility  of  falts  by  heat  having 
been  treated  of  under  each  particular  article, 
we  fliall  here  take  a  comparative  view  of 
this  property.  Two  kinds  of  fufibility  are 
diflinguifhable  in  falts  ;  the  one  produced 
by  the  water  they  contain,  and  called  the 
aqueous  fufion ;  the  other,  properly  belong- 
ing to  the  faline  matter,  and  termed  the  igne- 
ous fufion.  The  aqueous  fufion  depends 
entirely  on  the  water  of  cryflallization  being 
in  fufJicient  quantity  to  diffolve  the  fait  at 
a  certain  temperature.  The  cryflalline  form 
then  difappears,  and  the  fait  is  really  dif- 
folved; 
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folvedj  a  fadt  which  is  fufficiently  proved 
by  continuing  the  application  of  heat  for  a 
fufficient  time  to  a  fait  of  this  natOre,  fuch 
as  Glauber's  fait,  borax,  alum,  &c.  which 
become  dry,  and  no  longer  appear  melted 
after  the  water  of  foiution  is  diffipated.  The 
apparent  or  aqueous  fufion  likewife  appears 
to  be  independent  of  the  true  igneous  fufion, 
from  the  circumftance  of  this  laft  appearing 
in  all  thofe  falts  which  are  fufceptible  of  the 
other.  When  Glauber's  fait  or  borax,  for 
inftance,  have  pafTed  the  aqueous  fufion,  and 
become  dry,  they  may  be  again  melted  by 
a  ftrong  heat.  The  true  igneous  fufion  is 
not  produced  in  all  falts  by  the  fame  degree 
of  heat ;  there  are  fome  that  melt  as  foon 
as  they  become  red,  as  nitre  and  marine  fait ; 
others  require  a  moll  violent  degree  of  heat 
to  fufe  them,  as  vitriolated  tartar,  and  Glau- 
ber's fait.  Laftly,  there  are  others  whofe 
fufibility  is  fuch,  that  they  communicate 
the  fame  property  to  the  moil  refradory  bo- 
dies ;  in  this  manner  it  is  that  fixed  alkalis 
combine  with  and  melt  quartz,  fand,  and 
all  other  filiceous  earths  which  are  not  fufi- 
ble  alone.  Thefe  falts  are  called  fluxes  from 
this  property,  and  becaufe  they  are  ufed  to  fa- 
cilitate the  fufion  of  earthy  and  metallic  fub- 
ilances.  We  have  elfe where  remarked,  that 
volatility  is  the  extreme  of  fufibility ;  and 
we  may  here  add,  that  all  faline  matters  are 
more  or  lefs  volatile,  no  fait  being  fuffi- 
ciently 
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crently  fixed  to  withftand  the  aftion  of  a 
violent  heat. 

The  alterations  to  which  cryflallized  falts 
are  fubjed:  by  expofure  to  air,  are  not  all  alike. 
Some  experience  no  fenfible  change;  others 
lofe  their  tranfparent  form,  either  gradually 
becoming  fluid  with  an  increafe  of  weight, 
or  becoming  pulverulent  by  the  lofs  of  a 
part  of  their  mafs.  The  firft  of  thefe  changes 
is  called  deliquefcence,  and  the  latter  efflo- 
refcence. 

The  phenomenon  termed  deliquefcence, 
takes  its  name  from  the  faline  matter  becom- 
ing liquid  :  it  is  likewife  faid  that  a  fait 
falls  into  deliquium,  when  it  melts  in  this 
manner  by  the  contad:  of  air.  It  appears  to 
be  the  confequence  of  a  true  eledive  at- 
tradlion,  which  is  ftronger  between  the  fait 
and  the  water,  than  between  the  latter  and 
the  air  of  the  atmofphere.  All  falts  do  not 
deliquefce  with  equal  rapidity,  nor  attrad: 
equal  quantities  of  water  from  the  atmof- 
phere. Fixed  alkalis,  alkaline  gas,  marine 
acid  gas,  and  concentrated  vitriolic  acid, 
feize  the  water  of  the  atmofphere,  and  ren- 
der it  very  dry,  by  abforbing  more  than  their 
own  weight  of  that  fluid.  The  appearance 
is  more  efpecially  remarkable  in  vitriolic 
acid  congealed  by  cold,  and  dry  cauftic  fixed 
alkali  of  tartar.  Thefe  two  falts  firft  be- 
come foft,  and  foon  acquire  a  denfe  fluidity 
fimilar  to  that  of  certain  oils,  which  has 

occafioned 
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occaiioned  the  firft  to  be  called  oil  of  vitriol, 
and  the  fecond  oil  of  tartar  ;  though  thefe 
names  are  far  from  being  fignificant,  and 
may  lead  beginners  into  miftakes.  Others, 
though  not  fo  greedy  of  moifture,  neverthe- 
lefs  attradl  it  very  ftrongly;  as  for  example, 
calcareous  nitre  and  marine  fait,  nitre,  and 
marine  fait  of  magnefia.  Laftly,  there 
are  fome  which  become  flightly  moift,  and 
do  not  completely  deliquefcej  fuchas  rhom- 
boidal  nitre,  febrifuge  fait,  ammoniacal  vi- 
triol, &c, 

Efflorefcence  was  fo  denominated  from  the 
falts,  which  are  fufceptible  of  it,  becoming 
covered  with  a  white  fubftance,  fimilar  to 
that  which  is  known  in  chemiilry  by  the 
name  of  flowers.     This  property  is  the  re- 
verfe  of  deliquefcence^  for  as  that  happens  by 
the  decompofition  of  the  humid  atmofphere, 
by  the  ftronger  elective  attraction  of  faline 
cryflals  for  moifture;  fo  on  the  other  hand,  in 
efflorefcence  the  faline  cryftals  are  decompof- 
ed,  becaufe  the  air  has  a  ftronger  affinity  with 
water  than  thofe  cryftals  have.  Efflorefcence 
is,  therefore,  a  lofs  of  the  water  of  cryftalliza- 
tion,  in  confequence  of  which  the  falts  lofe 
their  tranfparency  and  confiftence,  and  be- 
come lighter.     It  is  of  importance  to  be  ob- 
ferved,  that  faline  cryftals  which  efflorefce, 
are  fubjed:ed  to  the  fame  alteration  as  would 
be  produced  by  fire  in  a  much  fhorter  time; 
that  is  to  fay,  they  are  flowly  calcined,  and 

lofe 
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lofe  exaftly  the  fame  weight  as  drying  by 
heat  would  deprive  them  of:  to  this  we  mu(t 
likewife  add,  that  efflorefcent  falts  are  of 
the  moft  foluble  clafs  which  cryftallize  by 
cooling  their  folutions. 

Efflorefcence,  like  deliquefcence,  is  a  pro- 
perty which  greatly  varies  in  the  feveral  neu* 
tral  falts.  Some  falts,  fuch  as  borax,  and  cre- 
taceous foda,  readily  efflorefce,  and  continue 
to  fall  in  pieces,  till  the  whole  becomes  a  fine 
white  powder;  and  as  they  lofe  by  this  means 
half  their  weight,  it  may  be  concluded,  that 
their  property  of  efflorefcing  fo  completely, 
is  a  confequence  of  a  large  quantity  of  water 
which  enters  into  their  cryftals :  and  in  faft, 
we  find  that  falts  which  efiiorefce  very  little, 
fuch  as  borax,  alum^  and  Epfom  fait,  do 
not  contain  fo  large  a  quantity  of  that 
fluid  in  their  cryftals.  If  efflorefcence  de- 
pend on  a  ftronger  eleftive  attraction,  be- 
tween air  and  water,  than  between  water 
and  the  fait,  the  phenomenon  will  take  place 
more  readily  and  eftedtually  when  the  at- 
mofphere  is  very  dry,  while  air  loaded  with 
moifture  will  not  have  the  fame  adtion  on 
them.  This  affertion  may  be  confirmed,  by 
fprinkling  a  fmall  quantity  of  water  on  cryf- 
tals capable  of  efflorefcence ;  for  the  atmo- 
fphere  feizing  this  water,  and  becoming  fa- 
turated,  does  not  ad:  on,  or  alter  the  cryf- 
tals ;  but  if  this  operation  be  not  repeated 
from  time  to  time,  the  air  combines  with 
the  water  of  cryftallization,  and  the  efflo- 

VoL.  II,  U  refcence 
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rcfcence  takes  place.  This  is  daily  obferved 
by  druggifts,  who  find  it  neceflary  to  moiften 
Glauber's  fait  with  a  fmall  quantity  of  water, 
that  the  form  of  the  cryftals  may  be  well 
preferved. 

The  diflblution  of  falts  in  water,  is  a  phe- 
nomenon which  highly  deferves  the  attention 
of  chemifts.  Some  perfons  having  obferved 
that  this  is  effeded  without  any  fenfible  mo- 
tion or  eifervefcence,  fuch  as  accompanies 
the  folution  of  metals  in  acids,  have  propofed 
to  diflinguifh  the  latter  by  the  word  folu- 
tion, and  the  former  by  that  of  diflblution. 
But  there  is  no  diiFerence  in  the  fenfe  of 
either  of  thefe  terms ;  and  the  mutual  aftion 
of  acids  and  metals  being  intirely  different 
from  the  folution  of  falts  in  water,  and  de- 
pending on  peculiar  caufes,  hereafter  to  be 
explained,  no  advantage  would  be  derived 
from  this  diftindion.  The  folution  of  falts 
in  water  has  been  confidered  by  fome  philo- 
fophical  chemifts  as  a  fimple  mechanical 
divifion  of  the  faline  particles  ;  but  there  is 
an  intimate  penetration,  which  takes  place 
between  thefe  two  bodies,  attended  with  a 
change  of  temperature ;  and  it  feems  that  a 
true  combination  takes  place  between  the 
falts  and  the  water,  which  can  by  no  means 
be  explained,  on  the  fuppofition  of  the  faline 
particles  being  fimply  divided.  This  is 
proved,  not  only  by  the  change  of  tempera- 
ture, but  likewife  by  the  practicability  of  fe- 

parating 
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parating  any  fait  from  its  folution,  by  the 
addition  of  another  ;  as  fixed  alkali  precipi- 
tates vitriolated  tartar,  and  chalk,  from  wa- 
ters which  hold  them  in  folution.  The  pre- 
cipitations of  falts  by  each  other  are  far 
from  being  all  known ;  and  the  fcicnce  of 
chemiflry  would  derive  great  advantage  from 
a  connefted  feries  of  experiments  on  this 
fubjeft.  It  may  be  obferved,  in  the  parti- 
cular hiftory  of  each  faline  fubftance,  that 
they  all  poflefs  different  degrees  of  folu- 
bility,  from  conftant  fluidity,  fuch  as  ex- 
ifts  in  the  vitriolic  and  nitrous  acids,  to 
almoft  perfed:  infufibility ;  as  ponderous 
fpar.  Many  chemifts  have  publilhed  tables 
of  the  different  folubility  of  falts  ;  but 
thefe  tables  will  be  inaccurate  and  imperfedr, 
till  experiments  have  been  fufficiently  mul- 
tiplied to  eflablifh  the  exaft  proportions  be- 
tween the  different  folubilities.  We  mufl 
here  add,  that  all  fimple  falts,  whether  alkaline 
or  acid,  conflantly  produce  heat,  when  dif- 
folved  in  water ;  whereas  cold  is  always  pro- 
duced during  the  folution  of  neutral  falts, 
The  meafure  of  thefe  changes  of  temperature 
is  not  well  afcertained  in  all  kinds  of  falts, 
but  this  phenomenon  is  more  attended  to  at 
prefent  than  formerly.  It  will  doubtlefs 
lead  the  way  to  valuable  difcoveries  :  we  al- 
ready begin  to  perceive  certain  truths,  whofe 
exiftence  was  formerly  not  fo  much  as  fuf- 
pedled.  For  example,  when  we  obferve, 
U  2  that 
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that  neutral  falts,  which  produce  the  greateft 
cold  in  their  folution,  as  Glauber's  faltj 
nitre,  fal  ammoniac,  are  much  more  foluble 
in  hot  than  in  cold  water,  may  we  not  con- 
clude, that  this  folubility  depends  on  the 
water  then  poffefling  a  more  coniiderable 
quantity  of  heat,  which  it  is  neceflary  they 
fliould  abforb,  to  become  melted,  and  take 
the  liquid  ftate  ?  This  excefs  of  heat,,  being 
ealily  carried  off  by  the  air  and  furrounding 
bodies,  a  part  of  the  fait  is  precipitated  in 
the  cryftalline  form  during  the  cooling. 


CHAP.        XIV. 

Concerning  the  Eledlive  Attractions  which 
take  place  between  the  feveral  Saline  Sub- 
ftances. 

'TpHE  difcoveries  made  In  confequence  of 
■*-  the  numerous  experiments  made  by  che- 
mifts,  on  faline  matters,  lince  the  middle  of 
the  prefent  century,  have  fhewn,  that  faline 
fubftances  have  very  different  degrees  of  affi- 
nity, or  eledtive  attraction,  among  each  other. 
Geoffroy  is  the  iirfk  who  compared  them ; 
but  later  difcoveries  have  fhewn,  that  his 
table  contains  many  errors.  Bergman  has 
correded  them,  and  has  added  a  much  greater 

number 
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number  of  eledlive  attradlions  between  all 
the  falts  :  however,  on  confulting  the  feve- 
ral  articles  of  the  table  of  this  celebrated 
Swedifli  chemift,  we  find  that  many  of  them 
are  not  yet  eftablifhed  on  a  fufficient  number 
of  accurate  experiments,  and  that  he  himfelf 
acknowledges  their  uncertainty.  Without 
extending  the  theory  of  elective  attradiions 
to  fo  large  a  number  of  bafcs  as  Bergman  has 
done,  we  ihall  confine  ourfelves  to  the  pre- 
fent  ftate  of  chemiftry,  in  our  examination 
of  the  affinities  which  are  exerted  between 
thofe  faline  matters,  whofe  nature  and  pro- 
perties are  beft  known. 

Among  the  fix  fpecies  of  acids  wc  have 
examined,  the  vitriolic  appears  to  be  the 
fl:rongefi:  in  its  eledive  attractions ;  that  is 
to  fay,  it  deprives  other  acids  of  moil  of  their 
alkaline  falino-terrefl:rial  bafes.  Thus  it  de- 
compofes  nitrous  falts,  marine  falts  or  mu- 
riates, fluor  falts,  boraxes,  and  chalks,  by 
difengaging  their  acids. 

The  nitrous  acid  in  general  occupies  the 
fecond  rank,  yielding  the  alkaline  bafes  to 
the  vitriolic  acid,  but  depriving  the  four 
following  acids  of  them. 

To  fliew  the  different  affinities  which  ob- 
tain between  the  mineral  acids  and  the  faline 
bafes  of  the  fame  kingdom,  to  the  befl  ad- 
vantage, we  (hall  exhibit  them  in  the  order 
or  arrangement  of  Bergman  ;  by  confidering, 
I  ft.  Each  acid,  with  refpedt  to  the  different 
U  3"  bafes 
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bafes  it  can  unite  with  ;  2d,  Each  alkaline 
matter,  with  refpedl  to  the  acids  which  fa- 
turated  it,  and  the  degree  of  adhefion  with 
which  it  unites  to  thofe  falts, 

I.  The  elediive  attracftions  of  the  vitriolic 
acid,  for  the  different  bafes,  are  difpofed,  by 
Bergman,  in  the  following  order,  beginning 
with  that  to  which  it  moil  ftrongly  adheres. 

Vitriolic  Acid.* 

Pure  ponderous  earth. 

Pure  vegetable  fixed  alkali. 

Pure  mineral  fixed  alkali. 

Quick-lime. 

Volatile  alkali. 

Magnefia. 

Clay. 

Though  the  nitrous  and  marine  acids  have 
the  fame  order  of  eled:ive  attrad:ions  for  al- 
kaline bafes,  we  fliall  neverthelefs  exhibit 
them  at  length. 

Nitrous  Acid. 

Pure  ponderous  earth. 
Pure  vegetable  fixed  alkali. 

*  We  have  already  exhibited  the  order  of  the  affinities 
of  acids,  with  the  bafes,  in  the  hiftory  of  each ;  but  we 
think  proper  to  reprefent  them  here  in  coiumns,  as  is  ufu- 
ally  done  in  tables  of  affinities,  that  they  may  be  feen  and 
compared  on  infpedion.    F. 

Pure 
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Pure  mineral  fixed  alkali. 

Quick-lime. 

Volatile  alkali. 

Magnefia. 

Clay. 

Marine  Acid. 

Pure  ponderous  earth. 

Pure  vegetable  fixed  alkali. 

Pure  mineral  fixed  alkali. 

Quick-lime. 

Magnefia. 

Clay. 

Ponderous  earth  has  therefore  a  ftronger 
affinity  with  the  vitriolic,  nitrous,  and  ma- 
rine acids,  than  every  other  bafe,  and  de- 
compofes  all  the  neutral  falts  formed  by 
thefe  acids,  and  other  alkaline  matters. 
Bergman  places  magnefia  before  the  volatile 
alkali,  becaufe,  he  affirms,  that  this  falino- 
terrefl:rial  fubfl:ance  decompofes  ammoniacal 
falts.  We  muff:  obferve,  that  volatile  alkali 
decompofes  magtiefian  falts  more  complete- 
ly ;  in  faft,  all  the  magnefia  is  not  precipi- 
tated by  this  alkali,  the  fluid  retaining  in 
folution  mixed  or  triple  falts,  formed  by  the 
union  of  the  magnefian  with  the  ammonia- 
cal falts.  We  apprehend,  notwithfl:anding 
our  refped;  for  the  authority  of  Bergman, 
that  there  is  afl:ronger  eleftive  attraction  be- 
ll A  tween 
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tvveen  the  acids  and  volatile  alkali,  than  be- 
tween the  fame  falts  and  magnefia,  becaufe 
the  latter  does  not  decompofe  ammoniacal 
falts  by  diftillation ;  and  for  that  reafon  we 
have  placed  the  volatile  alkali  before  mag- 
nefia, and  think  the  correffion  is  necelTary 
to  be  made  in  Bergman's  table. 

II.  The  eledlive  attradlions  of  the  fluor 
acid  for  alkaline  bafes,  are  very  different  from 
thofe  of  the  three  foregoing.  Alkalis  yield 
this  acid  to  lime,  and  the  two  other  falino- 
terref trial  fubftances.  A  folution  of  barytic 
fluor  in  hot  water  is  precipitated  by  lime- 
water,  v/hich  immediately  forms  fparry  fluor. 
The  fame  thing  happens  with  other  fluor 
neutral  falts ;  lime  feizing  the  acid  at  the 
eighth  column  of  Bergman's  table,  decora- 
pofed  hereunder  denotes. 

Fluor  Acid. 

Quick-lime. 

Ponderous  earth. 

Magnefia. 

Vegetable  fixed  alkali. 

Mineral  fixed  alkali. 

Volatile  alkali. 

Clay. 

The  fame  phenomena  take  place  by  the 
dry  way ;  for  fluor  fpar  is  not  decompofed 
by  pure  and  cauftic  fixed  alkalis,    though 

it 


AFFINITIES    OF    SALTS.  313 

it  is    by   cretaceous   tartar   and   cretaceous 
foda. 

III.  Bergman,  in  his  tenth  column,  ex- 
hibits the  affinities  of  the  acid  of  borax,  ia 
the  fame  order  as  thofe  of  the  acid  of  fluor ; 
becaufe,  when  borax  is  heated  in  water  with 
quick-lime,  the  latter  feizes  its  acid,  forming 
the  fcarcely  foluble  calcareous  borax,  and 
leaves  the  marine  alkali  in  a  ftate  of  purity.  As 
to  the  other  bafes,  he  has  difpofed  them  by 
analogy,  and  confiders  the  difpofition  as  no- 
thing more  than  a  probable  conjefture.^-' 

Acid  of  Borax. 

Quick-lime. 

Ponderous  earth. 

Magnefia. 

Vegetable  fixed  alkali. 

Mineral  fixed  alkali. 

Volatile  alkali. 

Clay, 

IV.  The  eledive  attraftions  of  the  creta- 
ceous acid  are  fomewhat  different  from  thefe. 
It  adheres  more  ftrongly  to  ponderous  earth, 
and  after  that  to  lime,  than  to  any  other 
fubftance.  Its  combination  with  magnefia 
is    likewife    deflroyed    by   the  caufl:ic  vola- 

*  Quod  idem  accidat  cum  alkali  vegetabili,  acldo  bo- 
racis  faturato,  haci:enus  tantum  probabilis  eft  conje£hira, 
2eque  ac  terrae  ponderofae,  &  magnefiae  pofitura. 

tile 
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tile  alkali,  as  Bergman  has  proved  by  accu- 
rate experiments.  The  following  extradl  of 
the  twenty-fifth  column  of  the  table  of  this 
celebrated  chemifl,  exprefles  the  order  of  the 
attraftions  of  the  cretaceous  acid  for  the  fe- 
veral  faline  bafes. 


Cretaceous  Acid* 

Ponderous  earth. 
-    Quick-lime. 

Vegetable  fixed  alkali. 
Mineral  fixed  alkali. 
Magnefia. 
Volatile  alkali. 
Clay. 

V.  The  feven  earthy,  or  alkaline  bales, 
whofe  combinations  with  the  mineral  acids 
we  have  examined,  have  difl^erent  eleftive 
attradions  for  thofe  acids,  when  compared 
together ;  five  of  them,  namely,  the  two  fixed 
alkalis,  volatile  alkali,  lime,  and  clay,  refem- 
ble  each  other  in  the  order  of  their  affinities. 
All  the  five  adhere  to  acids  in  the  following 
order  :  the  vitriolic,  nitrous,  marine,  fluor 
borax,  and  cretaceous  acids ;  but  ponderous 
earth  and  magnefia  have  different  affinities 
from  the  foregoing,  though  they  agree  with 
each  other. 

Bergman  difpofes  the  eledllve  attradlions 
of  ponderous  earth  and  magnefia,  with  re- 

fped: 
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fpedt  to  the  mineral  acids,  in  the  following 
manner. 


Ponderous  Earth  and  Magnesia. 

Vitriolic  acid. 
Fluor  acid. 
Nitrous  acid. 
Marine  acid. 
Acid  of  borax. 
Cretaceous  acid. 

There  is  no  difference  between  this  order 
of  affinities,  and  that  of  the  other  five  bafes, 
except  that  the  fluor  acid  is  before  the  ni- 
trous and  marine  acids,  which  fhews,  that 
nitre,  and  the  barytic  and  magnefian  muri- 
ates, are  decompofed  by  the  fluor  acid;  while 
the  barytic  and  magnefian  fiuors  do  not  yield 
their  bafes  to  the  nitrous  and  muriatic  acids. 

VI.  The  eled:ive  attractions  we  have  ex- 
hibited, fhew  the  order  of  fimple  decompo- 
fitions,  which  take  place  on  the  mixture  of 
three  faline  bodies  ;  but  it  is  equally  necef- 
fary  that  the  chemifl  fhould  attend  to  the 
double  affinities,  or  decompofitions  which 
take  place  when  four  fubflances  are  mixed 
together. 

It  mufl  be  recollefted,  that  by  double  affi- 
nity is  underflood  a  combined  force,  by  vir- 
tue of  which,  a  compound  of  two  bodies, 
which  cannot  be  feparated  neither  by  a  third 

nor 
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nor  a  fourth  body,  prefented  feparately,  is 
neverthelefs  deGompofed  with  the  greatefl 
facility,  when  the  two  laft  are  combined  to- 
gether. This  double  eledive  attraction  is 
very  often  exerted  between  neutral  falts. 
In  this  manner  it  is,  thiat  the  vitriolic,  ni- 
trous, and  marine  calcareous  falts,  are  not 
decompofed  by  volatile  alkali,  or  by  the  cre- 
taceous acid  alone  ;  becaufe  the  firft  of  thefe 
bodies  has  a  lefs  affinity  than  lime  with  the 
vitriolic,  nitrous,  or  marine  acids,  while 
the  fecond  has  a  lefs  affinity  than  lime  with 
the  farne  acids  :  but  when  a  compound  of 
volatile  alkali  and  cretaceous  acid  is  prefented 
to  thefe  calcareous  falts,  the  adhelion  of  their 
principles  will  be  deftroyed.  I  have  fhewn, 
in  the  firft  volume  of  this  work,  where  affi- 
nities are  generally  treated  of,  that  the  caufe 
of  this  phenomenon  might  be  explained,  by 
affuming  numbers  to  exprefs  the  different 
degrees  of  eledtive  attraction.  I  h^ve  at- 
tempted to  apply  this  idea  to  filine  fab- 
ftances ;  but  as  the  nature  and  combinations 
of  the  acids  of  fluor,"  and  of  borax,  are  not 
yet  well  known,  I  have  confidered  only  the 
vitriolic,  nitrous,  marine,  and  cretaceous 
acids,  with  refpeft  to  the  faline  mineral 
bafes.  The  numbers  I  have  alTumed  to  ex- 
prefs the  different  degrees  of  adhefion  to  thofe 
bafes,  arc  founded  on  the  refult  of  fimpie 
decompoiitions.  It  mufl  be  noted,  that 
they  are  not  perhaps  accurately  proportioned 

to 
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to  the  forces  of  affinity,  but  are  chiefly  de- 
ligned  to  explain  the  caufe  of  double  eledive 
attradions. 

I  (hall,  in  this  place,  firft  give  a  table  of 
numbers,  expreffing  the  affinities  of  the  four 
acids  above-enumerated,  with  fix  bafes :  I 
do  not  comprehend  ponderous  earth,  becaufe 
its  feveral  faline  combinations  are  not  yet 
fufficiently  known.  After  which,  I  proceed 
to  exhibit  the  known  effisds  of  double  affi- 
nity among  neutral  falts,  according  to  the 
method  of  difpofition  invented  by  Bergman, 
which  I  have  already  defcribed  in  the  gene- 
ral chapter  on  affinities.  I  mufthere  repeat^ 
that  in  this  ingenious  difpofition,  to  which 
I  have  only  a~dded  the  numerical  expreffion, 
the  fum  of  the  two  vertical  numbers,  which 
denote  the  divellent  attractions,  muft  exceed 
that  of  the  horizontal  numbers,  which  in- 
dicate the  quiefcent  attradions,  in  order  that 
a  double  decompofition  may  follow. 


TABLE   of  the  Degrees  of  Attra£lion  bet^^een  Four 
Acids  and  Six  Bafes,   exprefTed  in  Numbers. 


The  vitriolic  I 
acid  has  an 
affinity  ot' 
combination 
with 


FIRST       COLUMN. 

Vegetable  fixed  alkali  equal  to 
Mineral  fixed  alkali 
Quick-lime 
Volatile  alkali 
Magnefia 
.  Clay 

-       8 

:    I 

-  4 

-      sk 

Z 

SECOND 

3i8 
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SECOND      COLUMN* 


The    nitrous 
acid   has  an 
affinity     of 
combination 
with 


Vegetable  fixed  alkali  equal  to 

Mineral  fixed  alkali 

Quick-lime 

Volatile  alkali 

Magnefia 

Clay 


THIRD      COLUMN, 


The    marine 
acid  has  an 
affinity     of 
combination 
with 


Vegetable  fixed  alkali  equal  to 

Mineral  fixed  alkali 

Quick-lime 

Volatile  alkali 

Magnefia 

Clay 


FOURTH      COLUMN. 


r  Vegetable  fixed  alkali  equal  to 
*^.^     ww.«^ — ..  Mineral  fixed  alkali 
ous  acid  has  j  Quick-lime 
an     affinity  |  Volatile  alkali 
of  combina-  /  Magnefia 
tion  with      L  Clay 


TABLE 
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TABLE  of  Ten  Decompofitions  by  Double 
Affinity,  which  take  place  between  feveral 
Neutral  Salts,  and  are  expre/Tcd  by  Numbers, 
taken  from  the  foregoing  Table. 


EXAMPLE       I, 

Nitre. 

Vitriolated 
Tartar.  ' 

Vegetable        7              Nitrous  " 
fixed  alkali.      ^               Acid. 

•S 

I 

8  quiercent  ^  affinities  4^12* 

Calcareous 

'     Nitre, 

1 

Vrtrit)Iic        ^             Lime. 
Acid,            i3» 

Seknite. 

EXAMPLE      XL 

Febrifuge  fait. 

Vegetable        6               Marine    * 
fixed  alkali.      ^                Acid. 

Vitriolated 
Tartar.  ' 

8  quiefcent  ^    affinities  ^1  1 1 

Vitriolic         _^ 
Acid.             13             Lime.     J 

Selenite. 

Calcareous 
»     Marine 
Salt. 

*  Thefe  numbers  denote  the  fums  of  the  quiefcent  and 
divellent  affinities. 


EXAMPLE 
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EXAMPLE      IIL 

Cubic  Nitre. 
Mineral        6  Nitrous   ' 


fixed  alkali. 


Acid. 


Salt^  M        ^  quiefceht  ^  affinities  4  |  ii 

Vitriolic         A- 
I;,       Acid.  12  Lime* 

Selenite. 


Calcareous 
Nitre. 


EXAMPLE      IV. 
Marine  Salt. 


f       Mineral         5 
fixed  alkali. 


Glauber*s 
Salt. 


Marine   " 
Acid. 


7  quiefcent  ;:£  affinities  3  s  i  o 


Calcareous 
)"     Marine 
Salt. 


-t3 

Vitriolic         A 
Acid.  1 1 

Selenite. 


Lime. 


EXAMPLE 
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EXAMPLE        V* 

Ammoniacal  vitriol. 


fVitrioJic  4  Volatile  alkali. " 


f 


Ammonii^ 
cal  chalk. 


Sel^te,     -i      6  quiefcent     c  affi|ijto§4|r]  '4^^.^<>r  concrete 
^^.^  '.  ■■  "k    '  ''*> '  -    I  volatile  al* 
^   -^i^^V^^NCr-    kali. 


j.^:  ---"-■  ,,;J 


,Lime.         :  -  -   ^Xretaceous 


EXAMPLE      Vl, 

Ammoniacal  nitre. 


"Nitrous  3  Volatile  alkali. ") 

acid. 


nitre. 


<     4<iuiefcent    "I affinities j{ 4i  V^,7-j- 


3 


^Lirae. 


6  Cretaceous  acid. 


Chalk. 


Vol,  II. 


X 


EXAM  PLE 
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EXAMPLE       VII. 

Sal  ammoniac. 


'Marine 
acid. 


Calcareous 
marine    < 
fait. 


2  Volatile  alkali.  ^ 


Squiefcent    |afHnhi«i{  5  i  J-^Xrit 


^Limc. 


5  Cretaceous  acid  ^ 

chdi^ 


EXAMPLE      VIII, 


Magnefian  vitriol,  or  Epfom  fait. 


'  Vitriolic 
acid. 


3i 


Magnefia. " 


Magneflan 
Selcnite.    ^      6  quiefcent    ^  affinities  1 1  6  |  ^fgrvefcent  ' 

magnefia. 


Lime. 


3 


6^  Cretaceous  acid. 


Chalk 


EXAMPLE 
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EXAMPLE       IX. 


MagnefiaH  nitre. 

-  >v  _ 


Nitrous  2  Magaefia. 

acid. 


Calcareous 
hitre 


;''»^<!      4quiefcent    |  affinities  ^  {  4  4  I  "^^f^Yk^ 


^Lime. 


5  Cretaceous  acid  J 


Chalk. 


EXAMPLE  X.    AND    LAST. 


Magneiian  fait. 


Calcareous 
marine 


r  Marine  i  Magnefia.  ^ 

acid. 

•I 
*S 

13^;      Jquiefcent    Jaffiniues^fs  |  ^-^r^f" 


.  Lime.  4  Cretaceou  s  acid  , 

Chidfc. 


X  2 


Thefe 
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Thefe  ten  examples  of  double  affinity  are 
not  the  only  inftances  of  this  kind  of  de- 
compofition  which  takes  place  among  the 
neutral  falts  we  have  examined.  We  have 
feen,  for  inftance,  that  barytic  falts  are  not 
decompofed  by  pure  fixed  alkali,  while  cre- 
taceous tartar  and  cretaceous  foda  decompofe 
them ;  that  vitreous  fpar,  or  fluor  fpar  pre- 
fent  the  fame  phenomenon.  Thefe  two 
kinds  of  double  affinity,  and  perhaps  others 
which  are  not  yet  known,  among  falts,  are 
not  reprefented  in  the  foregoing  table,  be- 
caufe  the  eleftive  attractions  of  ponderous 
earth  and  fluor  acid  are  not  yet  fufficiently  af- 
certained  to  be  expreifed  by  numbers.  When 
the  necelTary  inquiries  have  been  made,  thefe 
numbers  will  doubtlefs  require  to  be  changed, 
but  the  method  will  remain  unchanged,  and 
is  capable  of  improvement  only  in  point  of 
accuracy. 


PART 


(  3^5  ) 

ART  IL 

MINERALOGY. 


SECTION        III. 

Combustible  Bodies. 


C     H    A    P.      I. 

Concerning  Combuftible  Bodies  in  gencraL 

"IXZE  have  already  fpoken  of  combuftion 
^^  in  the  hiftory  of  air.  The  order  we 
have  adopted  requires  a  fhort  recapitulation 
in  this  place  of  the  doftrines  there  main- 
tained. 

A  combuftible  body,  according  to  Stahl, 
is  a  compound  w^hich  contains  fixed  fire  or 
phlogifton ;  combuftion,  according  to  his 
theory,  confifts  in  its  difengagement,  and 
its  tranfition  to  the  ftate  of  liberty  ;  which 
are  manifefted  by  light  and  heat.  When  this 
X  3^  procefs 
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procefs  Is  intirely  finiflied,  the  body  enters 
the  clafs  of  incombuflible  matters,  and  may 
regain  its  original  combuftibility  by  receiving 
its  phlogiilon,  or  by  becoming  again  united  to 
the  matter  of  fire  transferred  to  it  from  ano- 
ther body.  We  have  taken  notice  of  four  prin- 
cipal difficulties  in  this  theory  :  i.  The  im- 
poffibility  of  afcertaining  the  prefence  of 
phlogifton.  2.  The  augmentation  of  weight 
by  combuftion,  which  cannot  be  imagined 
to  arife  from  the  lofs  of  a  principle.  3.  The 
lofs  of  weight  which  a  body  fuftains  when  it 
paffes  from  the  incombuflible  to  the  inflam- 
mable ftate,  by  the  addition  of  phlogiflon. 
4.  The  little  attention  Stahl  paid  to  the  ne- 
ceffity  of  air  in  combuftion. 

A  more  accurate  obfervation  of  this  laft 
phenomenon,  and  the  augmentation  of  weight 
which  combuftible  bodies  acquire  by  being 
burned,  has  given  birth  to  the  following 
theory. 

Bodies  are  combuftible,  becaufe  they  tend 
ftrongly  to  combine  with  pure  air,  and  com- 
buftion is  the  procefs  by  which  this  combi- 
nation is  effedted.  The  four  following  fadts 
conftitute  the  bafis  of  this  opinion,  1 .  Bodies 
cannot  burn  without  air.  2.  Thepurer  the  air, 
the  more  rapid  the  combuftion.  3.  By  com- 
buftion air  is  abforbed,  and  the  weight  of  the 
burned  body  augmented.  4.  Laftly,  the  body 
burned  m  the  atmofphere  contains  the  portion 
of  air  which  the  atmofphere  loft  5  and  this  por- 
tion 
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tion  may  in  fome  cafes  be  extradled  by  dif- 
ferent methods  hereafter  to  be  defcribed. 

Macquer  united  this  theory  with  that  of 
Stahl,  by  confidering  fixed  light  as  phlo- 
gifton,  and  admitting  pure  air  as  the  preci- 
pitant of  light.  He  fappofed  that  in  every 
combuftion  the  phlogifton  was  feparated,  in 
the  form  of  light,  by  the  pure  air  which  oc- 
cupied its  place  in  the  combuftible  body; 
and  he  confidered  thefe  two  fubftances,  light 
and  vital  air,  as' mutual  precipitants  of  each 
other.  So  that  when  fixed  light  pafi'es  from 
a  combuftible  body  into  a  body  already 
burned,  he  fuppofed  that  this  tranfition 
is  made  only  in  proportion  as  the  vital 
air  united  with  the  burned  body  gives  place 
to  the  matter  of  light,  and  becomes  itfelf 
transferred  into  the  other  fubftance  from 
which  the  light  efcapes. 

M.  Lavoifier  has  propofed  a  different 
theory  from  the  two  foregoing.  He  thinks 
that  vital  air  is  compofed  of  a  fixable  bafe, 
which  he  calls  the  oxyginous  principle,  held 
in  folution  in  the  ftate  of  elaftic  fluidity  by 
the  matter  of  fire  or  light.  When  a  com- 
buftible  body  is  heated  in  this  fluid,  it  de- 
compofes  the  vital  air  by  feizing  its  bafe ; 
the  matter  of  fire  being  at  the  fame  time  fet 
at  liberty,  and  efcaping  with  the  appearance 
of  its  diilinguifliing  chara(fters,  namely,  heat 
and  light,  which  conftitute  flame.  According 
^o  this  hypothefis,  pure  air  is  the  true  and 
X  4  only 
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only  combuftible  body.  This  theory  doef 
not  rejedt  the  prefence  of  phlogifton,  which 
is  here  exhibited  in  the  form  of  light ;  but 
it  differs  from  that  of  Stahl,  by  the  place  allot- 
ted to  phlogifton  or  fixed  fire,  which  M.  La- 
voifier  admits  in  the  body  which  maintains  the 
combuftion  -,  while  Stahl  imagined  it  to  exift 
in  tht  combuftible  body.  1  he  fame  objec- 
tion may  likewife  be  made  againft  the  oxy- 
ginous  principle  of  vital  air,  as  has  been 
urged  againft  the  phlogifton  of  Stihl.  In 
fad:,  this  principle  has  not  yet  been  exhi- 
bited in  an  inlulated  or  pure  ftate,  fince  it 
always  exifts,  either  combined  with  the  mat- 
ter of  fire  in  vital  air,  or  with  combuftible 
bodies  after  they  have  been  burned.  Like 
phlogifton,  it  is  only  perceived  to  pafs  from 
one  body  to  another,  and  to  change  its  com- 
bination, without  being  capable  of  afeparate 
exhibition  in  a  ftate  of  purity. 

The    different    combuftible    bodies    vary 

freatly  in  their  refpedtive  tendency  to  com- 
ine  with  the  bafe  of  vital  air;  and  the 
greater  or  lefs  degree  of  combuftibility  ap- 
pears to  depend  on  thefe  variations  :  fo  that 
a  table  of  the  order  of  their  combuftibi- 
lity or  affinity  with  vital  air  may  be  hence 
conrtrudted. 

This  variety  of  affinity  between  combuf- 
tible bodies  and  the  oxyginous  principle,  is 
the  caufe  of  the  different   phenomena  they 

prefent 
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prefent  during  their  combination  with  that 
fluid  :  four  kinds  of  combuflion  may  there- 
fore be  diftinguifhed. 

1.  Combuftion  attended  with  flame  and 
heat,  fuch  as,  for  example,  the  combufl:ion 
of  fulphur. 

2.  Combufl:ion  attended  with  heat,  but 
without  flame,  as  that  of  feveral  metals. 

3.  Combufl:ion  with  flame,  but  without 
heat,  as  that  of  phofphorus,  &c. 

4.  Slow  combufl:ion,  without  apparent 
heat  or  flime,  fuch  as  takes  place  by  the 
contadl  of  certain  combufl:ible  bodies  with 
air. 

It  mufl:  be  obferved,  that  the  phenomena 
of  combufliion  differ  likewife  in  many  other 
refpedts,  peculiar  to  each  combufl:ible  body. 
The  rapidity,  colour,  and  magnitude  of  the 
flame  ;  the  fmell  which  accompanies  it ;  the 
quantity  of  air  abforbcd  ;  the  form,  the  co- 
lour, the  weight,  and  other  properties  of  the 
refidue  j  together  with  other  concomitant  cir- 
cumfl:ances,  which  it  is  needlefs  to  -  xplain  in 
this  place,  becaufe  they  will  be  treated  with 
that  attention  which  the  importance  of  the 
fubjecft  demands,  in  the  account  of  each 
combufl:iblc  body,  ferve  to  efl:abli(h  eflen- 
^  tial  differences,  well  adapted  to  charadlcrize 
bodies  belonging  to  this  clafs. 

When  we  confider  the  great  variety  of 
phenomena  exhibited  by  combufl:ib]e  bodies, 
we  cannot  but  admit  that  the  caufc  of  this 

phenomenon 
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phenomenon  is  ftill  unknown,  and  that  im- 
portant difcoveries  remain  to  be  made  in  this 
part  of  chemical  theory.  The  different  degrees 
of  affinity  which  appear  to  exift  between  com- 
buftible  bodies  and  vital  air,  or  the  oxyginous 
principle,  are  already  fufficient  to  account  for 
fome  of  the  fads.     It  is   natural  to  believe, 
that  a  body,  which  has  aftrong  attraction  for 
the  oxyginous  principle,  will  exhibit  more 
heat,  motion,  and   light;  becaufe   this   laft 
will  be  feparat^d  with  more  energy,  whether 
from   the   comLuftible   body,    according  to 
Macquer's  theory,  or  from  the  vital  air,  ac- 
cording  to  that  of  M.   Lavoifier,  or  from 
both  at  once.     But  this  hypothefis  does  not 
explain  the  caufe   of  the  various  colours  of 
flame  in  combuftible  bodies ;  why,  for  ex- 
ample, copper  burns   green,    &c. ;    neither 
does    it    explain    how    certain    combuilible 
matters  burn  without  apparent  flame,  unlefs 
we  adopt  the  opinion  of  many  philofophers, 
that  the  matter  of  light  and  of  heat  are  one 
and  the  fame,  and  differ  only  in  the  degree 
of  condenfation.     The  difficulties  attending 
this  opinion  are   fufficiently  knov/n.     If  it 
could  be  proved,  that  light  is  combined  in 
combuftible  bodies,    and   that   it   is   difen- 
gaged  during  combuftion,   it  might  be  ima- 
gined, that  this  fubftance  is  differently  com-* 
bined  in  diff^erent  bodies  :   that  in  fome,  for 
example,    the  whole   of  its   feven   rays,  or 
principles,  is  fixed  3  that  others  contain  only 
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the   orange-coloured    ray,    as    nitrous  gas ; 
and  others  the  yellow   or   green,    as    zink 
and  copper.    But  this  hypothefis,  which  has 
already   been   mentioned   in    the    hiftory  of 
combuftion,  when  treated  of  under  the  ar- 
ticle air,  has  not  yet  been  confirmed  by  fads ; 
and  we  can   fcarcely  avoid  thinking,   when 
we  refledt  on  the  phenomena  of  combuftion, 
that  light  appears  rather  to  be  contained  in 
the  vital  air,  than  in  the  combuftible  bodies. 
In  fad:,  how  can  we   conceive,   that  a  body 
fo  divided,  and  fo  elaftic,  as  light,  can    be- 
come fixed  and  folid  ?  Is  it  not  more  natural, 
and  conformable    to   the  notions  of  found 
philofophy,  to  conclude,  that,  far  from  be- 
ing capable  of  affum.ing  the  folid  form,  light 
is  rather  adapted  to  deftroy  it  in  fuch  bodies 
as  poflefs  it,  and  that  it  is  the  caufe  of  elaf- 
ticity  in  all  aeriform  fluids,  wliich  feem  to 
be   fubftances    naturally    folid,     but    united 
with  light  ?    I   muft  confefs,   that  the  hy- 
pothefis  at  prefent  admitted   by  many  phi- 
lofophers,  that  elaftic  fluids  owe  their  ftate, 
as  fuch,  to  the  matter  of  fire  or  light,  ap- 
pears to  me  infinitely  more   probable  than 
that  which  admits  the  prefence  of  this,  in- 
coercible  fubftance,  in  matters  of  fo  fixed 
and  folid  a  nature  as  metals. 

It  appears  therefore,  that  difficulties  ftill 
remain  to  be  cleared  up  in  the  hiftory  of 
combuftion ;  but  that  it  is  well  eftabliflied, 
that  combuftible  bodies,  after  having  been 
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burned,  acquire  a  different  nature,  becoming 
more  heavy  by  the  addition  of  the  oxyginous 
principle;  and  that  this  principle  has  af- 
iumed  a  more  folid  form  than  it  before  pof- 
feffed,  when  combined  with  light,  in  the 
ilate  of  vital  air. 

We  fhall  divide  mineral  combuftible  bodies 
into  fix  genera ;  namely,  diamond,  inflam- 
mable gas,  fulphur,  plumbago,  metallic 
fubftances,  and  bitumens* 


CHAP.        11. 

Genus  I.     Diamond. 

DIAMOND  is  a  Angular  fubftance^  it 
is  ufually  reckoned  among  Hones,  be- 
caufe  of  its  hardnefs,  infipidity,  and  infolu- 
bility :  it  is,  befides,  the  moil  tranfparent 
and  the  hardeft  of  all  minerals.  This  hard- 
nefs is  fuch,  that  the  bed:  tempered  fteel 
has  no  effedt  on  it;  and  it  can  only  be  worn 
away  by  rubbing  one  diamond  againfl:  ano- 
ther. 

Diamonds  are  found  in  the  Eaft  Indies, 
particularly  in  the  kingdoms  of  Golconda 
and  Vifapour :  they  likewife  come  from 
the  Brazils  ;  but  thefe  laft  appear  to  be 
of  an  inferior  quality,    and  are  known  in 
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commerce   by  the  name  of  Portugueze  dia- 
monds. 

Diamonds  are  ufually  found  in  an  ochreous 
yellow  earth,  under  rocks  of  grit-ftone  and 
quartz;  they  are  likewife  found  detached  in 
torrents,  which  have  carried  them  from  their 
beds.  Diamonds  are  feldom  found  above 
a  certain  fize.  The  fovereigns  of  India  re- 
ferve  the  largeft,  in  order  that  the  price  of 
this  article  may  not  fall.  Diamonds  have 
no  brilliancy  when  dry  out  of  the  earth,  but 
are  covered  with  an  earthy  cruft,  which  in- 
clofes  a  fecond  cruft,  of  the  nature  of  calca- 
reous fpar,  according  to  Mr.  Rome  de  Lifle. 
Bright  diamonds  are  occafionally  found  in 
waters. 

Diamonds  very  often  have  no  regular  form, 
but  are  flat,  or  worn  round.  Sometimes 
they  are  regularly  cryftallized  in  odahedrons, 
formed  by  two  quadrangular  pyramids,  unit- 
ed at  their  bafes  ;  they  are  likewife  found 
with  twelve,  twenty-four,  and  forty-eight 
faces. 

Some  diamonds  are  perfedly  tranfparent ; 
others  are  fpotted,  veined,  clouded,  and  are 
of  much  lefs  price.  Some  are  uniformly  and 
beautifally  tinged  with  yellow,  red,  blue, 
and  black ;  the  latter  are  very  rare. 

Diamonds  appear  to  be  compofed  of  la- 
minae, laid  upon  each  other ;  and  they  are 
eafily  divided,  by  ftriking  them  in  the  di- 
reftion  of  thefe  laminae  with  a  good  fteel  in- 

ftrument. 


334 


DIAMOND. 


ftrunient.  There  are,  however,  fome  dia- 
monds which  do  not  appear  to  be  formed  of 
diftind  laminae,  but  of  twilled  fibres,  like 
thofe  of  knots  in  wood.  Thefe  laft  are 
exceedingly  hard,  and  cannot  be  wrought; 
lapiclaries  call  them  diamonds  of  nature. 

The  tranfparency,  the  hardnefs,  and  the 
regular  cryftalline  form  of  the  diamond,  in- 
duced naturalifts  to  clafs  it  among  vitrifiable 
Hones.  They  confidered  it  as  the  pureft  and 
moft  homogeneous  rock-cryftal.  They  fup- 
pofed  it  unchangeable  by  fire,  becaufe  jewel- 
lers are  in  the  habit  of  heating,  and  even  of 
igniting,  diamonds  fpotted  with  yellow  ^  the 
fpots  becoming  black  by  this  procefs,  and 
incapable  of  afi^edling  the  brilliancy  of  the 
reft  of  the  ftone.  It  was  neverthelefs  known, 
that  diamond  is  much  heavier  and  harder 
than  rock-cryftal,  and  that  it  poffefTes  a 
ftrong  elecflric  property ;  .but  thefe  were  at- 
tributed to  its  extreme  purity. 

It  is  known,  that  all  earthy  or  faline  bodies 
refract  the  light  nearly  in  the  diredl  ratio  of 
their  denfity,  but  that  tranfparent  combuf- 
tible  bodies  refradt  it  about  twice  as  much. 
The  diamond  produces  nearly  three  times 
the  refradion  it  would  have  produced,  ac- 
cording to  the  ratio  of  its  denfity  ^  and  as 
the  refradlion  of  light,  from  the  pofterior 
furfaces  of  bodies,  is  greater  in  this  ratio, 
the  fingular  luftre  of  the  diamond  muft  de- 
pend on  this  property.     As  it  is  exceedingly 
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tranfparent,  and  the  light  is  ftrongly  refrad:- 
ed  and  reflefted  by  its  furfaces,  every  one  of 
the  facets  emits  a  very  brilliant  pencil  of 
light.  For  which  reafon,  fuch  diamonds  as 
are  cut  into  facets  on  every  part  of  their  fur- 
face,  emit  a  much  ftronger  light  than  fuch 
as  are  cut  only  on  one  fide  ^  whence  the  la- 
pidaries diftinguifli  the  firft  by  the  name  of 
brilliants,  and  call  the  fecond  rofes. 

Boyle  affirmed,  that  fire  altered  diamonds, 
and  difengaged  acrid  vapours ;  but  the  fadl 
firft  mentioned  by  this  philofopher  was  not 
attended  to.  However,  Cofmo  the  Third, 
Grand  Duke  of  Tufcany,  in  the  years  1694 
and  1695,  faw  diamonds  deftroyed,  at  Flo- 
rence, by  the  burning  mirror;  and  many  years 
afterwards,  the  Emperor  Francis  I.  w^as  a 
witnefs  of  their  deftrudion  by  the  fimple  fire 
of  a  furnace. 

Mr.  D'Arcet,  in  his  valuable  experiments 
on  the  deftrudion  of  ftony  fubftances,  ex- 
pofed  to  the  heat  of  a  violent  and  long  con- 
tinued fire,  did  not  forget  the  diamond.  He 
afl^erted,  that  it  is  evaporated  in  the  diredion 
of  its  laminae,  and  that  if  the  evaporation  be 
defignedly  interrupted,  the  remainder  is  not 
at  all  altered,  but  confifts  of  a  diamond  of 
lefs  magnitude. 

Mr.  D'Arcet,  being  defirous  of  determin- 
ing whether  the  evaporation  of  the  diamond 
be  any  thing  elfe  but  a  fimple  decrepitation, 
thought    proper   to   treat   them   in   vefiels, 
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clofed  by  various  methods.  He  took  a 
fphere  of  porcelain  clay,  and  after  having 
cut  it  in  two,  he  placed  a  diamond  in  the 
centre,  and  then  clofed  the  two  hemifpheres 
together,  in  fuch  a  manner,  as  that  the  dia- 
mond formed  its  own  bed  in  the  clay,  with- 
out any  other  cavity.  This  fphere,  being 
placed  in  the  furnace  till  it  was  baked,  was 
then  broken,  and  the  diamond  was  found  to 
be  evaporated,  the  fpace  in  which  it  was 
lodged  being  empty,  without  the  leaft  per- 
ceptible crack  in  the  ball. 

Mr.  D'Arcet  varied  this  experiment,  by 
fometimes  ufing  balls  of  porcelain  clay,  and 
at  other  times  baked  crucibles  of  porcelain, 
clofed  with  a  ftopper  of  the  fame  fubftance, 
covered  with  a  fufible  matter,  which,  vitri- 
fying in  the  fire,  forpied  an  hermetical  clo- 
fure.  Mr.  D'Arcet  always  found  that  the 
diamond  difappeared,  and  concluded  that  it 
is  evaporable  without  the  accefs  of  air. 

MelTrs.  D'Arcet  and  Roux  have  fince  ob- 
ferved,  that  it  is  not  neceflary  to  ufe  fo  vio- 
lent a  heat  to  volatilize  diamonds ;  and  in 
the  year  1770,  Mr.  Roux  volatilized  one,  at 
the  School  of  Medicine,  in  five  hours,  in  a 
cuppelling  furnace. 

In  the  year  1771,  Macquer  obferved  a 
new  phenomenon  relative  to  the  deftrudlion 
of  this  fubftance.  Having  a  diamond  to 
volatilize,  he  ufed  the  furnace  of  Pott,  with 
fome  improvements  of  his  own.  This  fur- 
nace. 
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nace,  with  the  addition  of  a  tube,  or  chim- 
ney, of  ten  or  twelve  feet  in  height,  pro- 
duces a  degree  of  heat  equal  to  that  of  a  fur- 
nace for  hard  porcelain.  Macquer,  having 
placed  a  muffle  in  the  centre  of  this  furnace, 
which  at  that  time  had  only  two  feet  of 
chimney,  put  a  brilliant-cut  diamond,  weigh- 
ing three-fixteenths  of  a  carrat,  in  a  cuppel, 
which  he  firft  placed  near  the  mouth  of  the 
red  hot  muffle,  into  which  he  gradually  re- 
moved it,  that  the  diamond  might  not  fly 
in  pieces  by  the  too  fudden  heat.  At  the 
end  of  twenty  minutes,  having  obferved  the 
diamond,  he  found  it  increafed  in  volume, 
and  much  more  brilliant  than  the  capfule 
in  which  it  was  placed;  and  lafl:ly,  he  ob- 
ferved a  light,  and  apparently  phofphoric 
flame,  formmg  a  very  evident  glory  round 
the  fl:one ;  but  he  perceived  no  acrid  vapours, 
as  Boyle  mentioned.  The  diamond  having 
been  replaced  under  the  muffle,  intirely 
difappeared  at  the  end  of  thirty  minutes, 
without  leaving  any  trace  behind.  Mac- 
quer, therefore,  volatilized,  in  lefs  than  an 
hour,  a  diamond  weighing  near  four  grains, 
and  found  that  it  burned  with  a  fenfible 
flame,  in  the  fame  manner  as  other  combuf- 
tible  bodies. 

This  fad:,  publiflied  by  Macquer,  has 
been  verified  feveral  times  fince.  In  the 
year  1775,  Bucquet  volatilized  a  diamond  of 
about  three  grains  and  a  half.     He  ufed  the 

Vol.  II.  Y  furnace 


338  DIAMOND. 

furnace  of  Macquer,  but  without  the  chim- 
ney ;  and  the  muffle  remained  open  almoft 
the  whole  time  of  the  operation,  in  order 
to  obferve  what  pafled  during  the  combuf- 
tion  of  the  diamond.  It  remained  about 
fifteen  minutes  before  it  inflamed,  and  in 
lefs  than  twenty-five  minutes  afterwards  it 
was  intirely  diflipated. 

None  of  thefe  experiments  proving  what 
became  of  the  diamond,  Meflrs.  Macquer, 
Lavoifier,  and  Cadet,  refolved  to  make  fome 
experiments  in  clofe  vefTels.  They  dillllled 
twenty  grains  of  diamonds  in  a  ftone-ware 
retort,  with  a  proper  apparatus  for  coUedt- 
ing  the  produdt,  if  any  paffed  over.  A  fire 
of  the  greatefl:  violence  was  ufed,  and  no- 
thing was  obtained.  The  diamonds  were 
found  intire,  but  had  loft  fome  of  their 
weight.  It  was  therefore  fufpedted,  that 
this  lofs  depended  on  the  diamond's  having 
been  partly  burned,  by  means  of  a  fmall 
quantity  of  air  included  in  the  vefTels.  The 
diamonds  were,  befides,  covered  with  a 
blackifli  and  coaly  film,  which  was  quick- 
ly taken  off  by  the  mill. 

While  thefe  chemifts  were  bufied  in  re- 
fearches  into  the  nature  of  diamond,  the 
lapidaries  ftill  retained  their  beUef  of  its 
abfolute  indiftrucftability  by  fire.  One  of 
them,  Mr.  Le  Blanc,  brought  a  diamond 
to  Mr.  Rouelle  to  be  expokd  to  the  fire, 
but  chofe  to   inclofe   it  in  his  own  way. 

He 
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He  placed  it  in  a  crucible,  with  a  cement  of 
chalk  and  powder  of  charcoal.  This  cru- 
cible was  inclofed  in  another,  with  a  cover, 
and  luted.  It  remained  in  the  fire  during 
four  hours,  as  well  as  feveral  other  diamonds, 
on  which  Mr.  Rouelle  was  making  experi- 
ments. At  the  end  of  this  time,  the  dia- 
monds of  Mr.  Rouelle,  as  well  as  that  of 
Mr.  Le  Blanc,  were  found  to  have  difap- 
peared.  Mr.  Maillard,  another  lapidary, 
waited  on  Mr.  Cadet,  with  whom  MeiTrs. 
Macquer  and  Lavoiiier  were  then  at  work; 
he  produced  three  diamonds,  which  he  pro- 
pofed  to  expofe  to  the  fire,  cemented  in  his 
own  way. 

He  filled  the  bowl  of  a  tobacco  pipe  with 
pounded  charcoal,  well  prefTed  in,  the  dia- 
monds being  placed  in  the  centre ;  he  co- 
vered the  pipe  with  an  iron  plate,  luted  on 
with  founders  fand.  The  pipe  was  included 
in  a  crucible,  furrounded  with  chalk,  and 
covered  with  a  bed  of  fand,  moiftened  with 
fait  water.  The  whole  was  placed  in  Mac- 
quer's  furnace,  and  the  heat  fo  raifed,  that  at 
the  end  of  two  hours  it  appeared  foftened,  and 
ready  to  melt.  After  the  operation,  the  cru- 
cible was  found  to  be  vitrified,  and  had  loft  its 
figure ;  it  was  broken  with  care,  and  the  pipe 
was  found  perfectly  whole,  the  charcoal  as 
black  as  ever,  and  the  diamonds  not  at  all 
diminifhed  in  weight.  They  were  only 
blackened  on  their  furface,  and  became  white 
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and  brilliant  by  fridion  on  the  mill.  Mac- 
quer  repeated  this  experiment,  with  equal 
luccefs,  in  the  large  furnace,  in  which  the 
hard  porcelain  of  Seve  is  baked  -,  yet,  as  the 
iron  which  covered  the  pipe  was  melted,  and 
part  reached  the  diamond,  it  was  fcorified 
on  that  fide,  but  the  other  fide  remained 
perfedt.     The  fire  lafted  twenty-four  hours. 

Mr.  Mitouard  having  had  opportunities 
of  treating  many  diamonds  in  clofed  veffels, 
and  with  different  cements,  found  that  char- 
coal is  the  moft  effedtual  in  preventing  the 
deflruftion  of  this  body. 

All  chemifts  were  convinced,  from 
thefe  fads,  that  the  diamond  burns  in  the 
fame  manner  as  other  combuftible  bodies, 
and  like  charcoal  is  not  deflroyed,  but  in 
proportion  to  the  contadt  of  air.  Neverthe- 
lefs,  the  well  conducted  and  accurate  experi- 
ments of  Mr.  D'Arcet  feem  to  fhew  the  con- 
trary. To  clear  up  this  matter,  Mr.  Mac- 
quer  filled  feveral  balls  of  baked  porcelain 
and  feveral  crucibles  of  unbaked  porcelain 
clay,  with  powder  of  charcoal ;  the  char- 
coal was  reduced  to  a(hes,  and  the  aflies 
even  became  vitrified  in  the  unbaked  vefiels, 
while  that  in  the  baked  vefTels  remained  un- 
changed. Whence  this  chemift  concluded, 
that  there  is  a  great  difference  betwe^^n  thefe 
two  kinds  of  vefTels ;  he  thinks  that  cracks 
are  made  during  the  baking  of  the  porcelain, 
which  are  fuflicient  to  facilitate  the  com- 
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buftion,  though  they  afterwards  difappear  by 
the  contradtion  of  the  porcelain  in  cooling. 
Mr.  Lavoilier  has  made  other  experiments, 
which  prove,  that  diamond  does  not  burn, 
but  in  proportion  to  the  quantity  of  air  it  is 
in  contacfl  with.     He  expofed  diamonds  to 
the  focus  of  Mr.  Tradaine's  lens,  after  hav- 
ing covered  them  with  a  bell,  under  which 
be  caufed  water  or  mercury  to  rife  by  ex- 
tradiing  the  air.     This  chemift,  in  his  ex- 
periments on  the  effedls  of  the  burning  glafs 
made  together  v/ith  Meflrs.Macquer,  Cadet, 
and   BriiTon,    had  already  obferved,  that  if 
diamonds  be  fuddenly  heated,  they  fplit  and 
fly  about  very  fenfibly;  but  that  this  does 
not  happen  when  they  are  flowly  and  gra- 
dually heated.     He  likewife  obferved,  that 
the  diamonds  melted  and  flowed  in  certain 
parts.     The  furface  of  thofe  which  remain- 
ed a  certain  time  expofed  to  the  focus  of  the 
lens,  appeared  full  of  little  cavities  like  a 
pumice-fl:one.     By  heating  them  in  the  faid 
pneumato-chemical  apparatus  he  afcertained 
that   the  diamond  burns  only  for  a  certain 
time,    proportioned  to  the  quantity  of  air 
contained  under  the  veflel ;  and  that  the  air, 
after  the  combufl:ion  of  the  diamond,  is  ab- 
folutely  fimilar  to  that  which  remains  after 
the  combufl:ion  of  other  inflammable  bodies  ; 
that  is  to  fay,  deprived  of  the  portion  of  vi- 
tal air  required  to  maintain  that  procefs.     It 
mufl:  be  noted,  that  this  refidual  air,  after 
the  combufliion  of  the  diamond,  contained 
Y  3  cretaceous 
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cretaceous  acid,  as  appeared  by  its  precipi- 
tating lime-water. 

To  (hew  ftill  more  evidently  the  nature  of 
the  diamond,  Mr.  Lavoifier  attempted  to 
burn  it  under  glafs  vefTels  filled  with  creta- 
ceous acid.  The  diamond  fufFered  a  fmall 
lofs,  doubtlefs  owing  to  a  portion  of  air 
mixed  with  the  cretaceous  acid.  This  che- 
mift  thinks,  that  great  part  of  the  lofs  like- 
wife  depends  on  the  volatilization  of  the 
diamond  ;  and  he  thinks  that  this  ftonc 
might  be  entirely  fublimed  in  clofe  veffels, 
if  a  fufficient  degree  of  heat  could  be  ap- 
plied. Mr.  Lavoifier  having  made  the  fame 
experiments  on  charcoal,  found  the  fame 
events  take  place,  both  with  refped:  to  com- 
buftion  and  volatilization.  He  likewife  ob- 
ferved,  that  the  dianiond  always  became 
black  at  its  furface. 

From  thefe  different  fafts  it  follows,  that 
the  diamond  is  a  fubftance  not  at  all  refem- 
bling  ftones ;  but  is  on  the  contrary  a  true 
combuftible  body,  capable  of  burning  with 
a  flame,  whenever  it  is  ignited  with  contadl 
of  air.  In  a  word,  that  it  is  a  true  com- 
buftible volatile  fubflance,  which  leaves  no 
fixed  refidue ;  perfedlly  refembling  charcoal 
by  its  habitudes  in  the  fire,  though  greatly 
differing  from  that  fubflance  in  tranfpa- 
rency,  weight,  hardnefs,  and  many  other 
properties.  All  thefe  experiments,  as  well 
as  the  art  of  fplitting  the  diamond,  fhew 
that  it  is  formed  of  laminae  placed  one  on 

the 
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the  other  ;  that  there  Is  fometimes  betweea 
the  layers  a  foreign  colouring  matter,  which 
perhr.ps  caufes  the  carbonaceous  film,  with 
which  diamonds  become  covered  when  heat- 
ed, efpecially  in  clofe  vefTels.  This  co- 
loured ftratum,  being  placed  at  different 
depths,  may  be  the  caufe  why  the  procefs 
ufed  by  lapidaries  to  render  clouded  dia- 
monds tranfparent,  does  not  always  fucceed. 
If  its  depth  be  inconliderable,  it  may  be 
eafily  deftroyed,  and  the  diamond  will  be- 
come clear.  If,  on  the  contrary,  it  be  far 
within  the  Aone,  it  cannot  be  removed  but 
by  the  fucceffive  deftrudion  of  the  laminae 
placed  over  it,  which  in  that  cafe  would  re- 
quire the  diamond  to  be  almoft  entirely  de- 
ftroyed before  the  imperfeftion  could  be  re- 
moved. Notwithftanding  all  thefe  experi- 
ments, we  are  ftill  unacquainted  with  the 
compolition  of  the  diamond ;  and  in  the  pre- 
fent  ftate  of  our  knowledge  muft  confider 
it  as  a  peculiar  combuftible  body  different 
from  all  others. 

The  diamond  is  of  little  ufe  but  as  an  or- 
nament; but  itsproperty  of  refrad:ing  the  rays 
of  light,  decompofing  them,  and  exhibiting 
the  moft  lively  and  brilliant  colours,  ren- 
ders it  truly  precious  without  the  affiflance 
of  the  caprice  of  fafhion.  Its  exceffive  hard- 
nefs,  by  which  its  exquifite  polifh  remains 
unalterable,  its  rarity,  and  the  labour  of 
cutting  it,  add  ftill  to  its  value.  It  is  ad- 
vantageoufly  ufed  to  engrave  on  glafs  and 
Y  4  hard 
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hard  ftones,  or  to  cut  them  into  convenient 
iizes. 

Diamond  powder  is  ufed  in  poUfliing  dia- 
monds. 


CHAP.       III. 

Genus  II.     Inflammable  Gas. 

'T^HE  gas  called  inflammable  air  by  Dr. 
^  Prieftley,  is  an  elaftic  fluid,  poflTefling 
all  the  apparent  properties  of  air.  It  is 
about  thirteen  times  lighter  than  the  air  of 
the  atmofphere,  does  not  maintain  com- 
bufl:ion,  and  quickly  defliroys  animal  life 
by  producing  ftrong  convulfions.  It  has  a 
very  evident  and  peculiar  fmell.  Its  cha- 
rafteriftic  property  is  to  take  fire  when  in 
contadl  with  air,  by  the  application  of  a  body 
already  ignited,  or  by  the  eledtric  fpark. 

Inflammable  gas  has  been  long  known,  as 
a  produdt  both  of  nature  and  art.  Mines, 
coal-pits,  the  furface  of  waters,  and  putri- 
fied  animal  or  vegetable  fubflances,  exhibit- 
ed a  great  number  of  inftances  of  vapours 
naturally  combuftible ;  and  vapours  of  the 
fame  nature  have  long  been  artificially  pro- 
duced, in  the  folution  of  feveral  metals  in 
the  vitriolic  and  marine  acids,  and  in  the 
diftillation  of  animal   and    vegetable   fub- 

flances. 
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fiances.  But  no  one  before  Dr.  Prieftley 
thought  of  colleding  them  in  receivers,  and 
examining  their  properties.  This  philofo- 
pher  difcovered,  that  they  conftitute  a  kind 
of  permanently  elaftic  fluid. 

Inflammable  gas  exhibits  all  the  pheno- 
mena of  combuftible  bodies,  in  a  moft  emi- 
nent degree.  Like  them,  it  cannot  be  burned 
without  accefs  of  air.  Its  flame  is  more  or 
lefs  red  when  pure,  and  blue  or  yellow  when 
it  is  united  to  a  fubftance  capable  of  modi- 
fying its  properties.  It  frequently  crackles, 
and  produces  fmall  brilliant  fparks  during 
its  combufl:ion,  with  a  noife  fimilar  to  that 
of  nitre,  when  it  detonates.  A  flrong  heat 
is  excited  during  its  combufliion. 

It  burns  more  rapidly,  in  proportion  as 
it  is  environed  with  a  larger  quantity  of  air. 
As  thefe  two  fluids  have  a  like  aggregation, 
it  is  poflTible  to  mix  them  in  fuch  a  manner, 
as  that  every  particle  of  each  {hall  be  con- 
tiguous to  a  particle  of  the  other,  in  which 
cafe  it  will  burn  with  great  rapidity.  This 
is  evident,  when  a  mixture  of  two  parts  of 
common,  and  one  of  inflammable  air  is  fet 
on  fire  :  the  combuftion  is  infl;antaneous, 
and  attended  with  a  ftrong  explofion,  re- 
fembling  that  of  gunpowder;  whereas  in- 
flammable gas,  not  mixed,  but  expofed  to 
common  air,  when  fet  on  fire,  burns  gently, 
and  at  the  furface. 

It  may  in  the  fame  manner  be  burned  in 

an 
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an  inftant,  and  with  much  more  vehemence, 
if  two  or  three  parts  be  mixed  with  one  of 
vital  air  :  the  explolion  is  then  much  more 
confiderable  than  in  the  foregoing  experi- 
inent. 

Mr.  Cavendifh,  many  years  ago,  remark- 
ed, that  whenever  inflammable  gas  is  burned, 
drops  of  water  are  always  produced.  In- 
flammable gas  being  burned  in  a  veffel  full 
of  vital  air,  over  mercury,  a  vacuum  is  pro- 
duced in  the  apparatus ;  the  mercury  rifes, 
and  the  fides  of  the  glafs  are  covered  with  a 
large  quantity  of  drops  of  water,  which  in- 
creafe  in  proportion  as  the  combuftion  goes 
on.  Mr.  Lavoilier  in  this  manner  combined 
a  fufficient  quantity  of  the  two  elaftic  fluids 
to  obtain  feveral  drachms  of  water.  Both 
thefe  fluids  were  previoufly  pafTed  through 
a  glafs  cylinder,  filled  with  very  dry  cauftic 
fixed  alkali,  in  order  to  deprive  them  of  the 
portion  of  water  they  might  contain.  The 
water  obtained  by  the  combuftion,  agreed 
perfeftly  in  weight  with  the  elaftic  fluids 
made  ufe  of;  whence  he  concluded,  that 
water  is  compofed  of  fix  parts  by  weight  of 
vital,  and  one  of  inflammable  air.  The  water 
obtained  in  this  experiment  was  found  to 
contain  a  few  grains  of  nitrous  acid.  To. 
account  for  the  formation  of  this  acid,  it 
muft  be  recolleded,  that  Mr.  Cavendifli  pro- 
duced it,  by  combining,  with  the  aflifl:ance 
of  the  electric  fpark,  fcvGn  parts  of  vital  air, 

and 
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and  three  of  atmofpheric  mephitis.  Now, 
the  vital  air  ufed  by  Mr.  Lavoifier,  in  his 
experiment,  having  been  obtained  from  red 
precipitate,  the  nitrous  acid,  ufed  in  making 
that  fubftance,  might  afford  a  fmall  quantity 
of  the  atmofpheric  mephitis,  which  enters 
into  its  compofition.  This  portion  of  acid, 
therefore,  does  not  affed:  the  refult,  nor  the 
affertions  of  Mr.  Lavoifier  concerning  the 
production  of  water.  If  we  compare  this 
capital  experiment,  with  that  in  which  the 
fame  chemift  decompofed  water,  by  caufing 
it  to  fall  on  red  hot  iron,  zink,  and  char- 
coal, as  well  as  on  boiling  oils,  and  in  which 
he  obtained  inflammable  gas,  in  proportion 
to  the  combuftion  which  took  place  in  thefc 
different  bodies,  we  fhall  be  convinced,  that 
this  theory  of  the  nature  of  water  is  built 
on  as  firm  a  foundation  as  any  that  has  been 
propofed  refpedting  chemical  fadls. 

The  nature  of  inflammable  gas  remains 
then  to  be  determined.  Is  it  a  fimple  fub- 
ftance, always  identical  ?  And  may  we  con- 
fider  it  as  the  phlogiflon  of  Stahl,  according 
to  the  opinion  of  many  Englifh  chemifts, 
efpecially  Mr.  Kirwan  ? 

With  refpeft  to  the  firft  queftion,  chemifls 
are  not  agreed  on  the  pretended  identity  of 
inflammable  gas,  obtained  from  very  diffe- 
rent fubfliances,  and  which  feems  to  have 
various  properties. 

Some, 
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Some,    and   even  the  greater  number  of 
ehemifts,  think,  that  there  are  really  feveral 
fpecies  of  inflammable  air;    fuch,  for   ex- 
ample, are  the  inflammable  gas  obtained,  by 
means  of  water,  from  iron  and  zink,  which 
burns  with  a  red  flame,  and  detonates  with 
pure    air ;    that   which   Mr.   Delalfone  ob- 
tained from  Pruflian  blue,  and  from  the  re- 
duction   of  flowers    of  zink    by   charcoal, 
which   burns  without  detonating  with  air ; 
the  inflammable  gas  of  marfhes,  which  burns 
with  a  blue  flame,  and  does  not  detonate ; 
and  likewife  that  obtained  from  the  difl:illa- 
tion  of  organic  matters,  which  refembles  the 
gas  of  marfhes.     An  accurate  analyiis  has, 
it  is  true,  fliewn,  that  the  two  lafl:  are  com- 
pounds of  pure  detonating  inflammable  gas 
with  the  cretaceous  acid,  in  diflferent  propor- 
tions ;  and  that  by  lime-water  and  cauftic  al- 
kalis, they  may  be  brought  to  the  ftate  of  pure 
inflammable  gas  of  the  firfl:  kind.     We  were 
therefore  inclined  to  think,  with  the  illuf- 
trious  Macquer,  in  the  year  1782,  that  it  is 
one  fubfl:ance,  capable  of  various  modifica- 
tions,   by   its    combinations  with  different 
matters.      Neverthelefs,    Mr.   Lavoifier,  in 
a  memoir  on   the  combuflion  of  alum  with 
various    carbonaceous    fubflances,    inferte4 
among  thofe  of  the  academy  for  the  year 
1777,  thinks,  that  there  are  three  kinds  of 
inflammable  gafes,  the  vitriolic,  marine,  and 
cretaceous.    It  is  this  lafl  which  he  obtained 

by 
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^y   the  re-aftion  of  alum  on  carbonaceous 
fubftances.      The  charaders   by  which  he 
diftinguifhes  them  is,  that  each,  by  inflam- 
mation, becomes  converted  into  an  acid  fimi- 
lar  to  that  from  which  it  was  obtained.  Thus 
vitriolic  inflammable  gas,  after  combuftion, 
aifords  oil  of  vitriol ;  marine  inflammable  gas, 
fpirit  of  fait  j    and    the   third,  the   cretace- 
ous  acid.     This  chemifl:   thinks,    that   the 
inflammable  gas,  obtained  during  the  pre- 
paration of  pyrophorus,  is  formed   by  the 
charcoal   itfelf,    reduced    into  vapour,    and 
combined  with  the  pure  air  of  the  vitriolic 
acid,  which,  by  the  lofs  of  that  principle, 
is  converted  into   fulphur.      In   fadt,    Mr. 
Lavoifier,  fince  the  publication  of  that  me- 
moir, has  afcertained,  that  the  inflammable 
gas,  obtained  when   metals   are  diflblved  in 
acids,  is  produced   by  the  water  which  ac- 
companies thofe  falts,  and  is  decompofed  by 
the  metallic  fubftances  :  and  from  this  cir- 
cumftance,  it  is  more  probable,  at  prefent, 
that  there  is  but  one  kind  of  inflammable  air, 
in  all  cafes  produced  by  the  decompofition  of 
water,  compofing  it  again  by  uniting  with  vi- 
tal air,  more  or  lefs  inflammable,  and  produc- 
ing difterent  colours,  when  burned,  accord- 
ingly as  it  is  combined  with  other  bodies* 

As  to  the  fecond  queftion,  though  the 
opinion  of  Bergman  and  the  Engliili  che- 
mifts,  who  confider  inflammable  gas  as  the 
phlogifton  of  Stahl,  appears  to  agree  with  a 

certain 
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certain  number  of  fadls,  yet  there  is  a  greater 
number  which  prevent  our  adopting  it.  It 
appears,  in  fad:,  that  inflammable  gas  is  not 
always  produced  by  bodies  in  which  Stahl 
admitted  the  prefence  of  his  phlogifton,  but 
that  water  almoft  always  contributes  to  its 
formation.  Mr.  Kirwan,  who  has  been 
employed  for  fome  years  in  the  examination 
of  this  important  queftion,'  has  not  yet,  that 
we  know,  difcovered  any  fail  which  pofi- 
tively  decides  it.  We  {hall  take  care  to  ex- 
plain, in  feveral  other  articles  of  this  work, 
our  opinion  of  the  inflammable  air,  which 
this  celebrated  chemift  has  obtained  from 
an  amalgam  of  zink,  as  well  as  of  another 
experiment  brought  in  fupport  of  this  new 
theory,  by  Mr.  De  Morveau,  who  appears 
to  have  adopted  it.  We  (hall  not  here  enter 
into  any  detail  of  the  objedlions  which  may 
be  made,  becaufe  they  might  not  be  under- 
ftood  by  fuch  as  have  only  read  the  preced- 
ing part  of  this  work,  but  (hall  referve  our 
objedlions  till  we  come  to  treat  of  metallic 
fubflances,  phofphorus,  &c.  However,  we 
mufl:  here  admit,  that  the  phenomena  of 
chemiftry  may  be  explained  in  as  fatisfadtory 
a  manner,  by  admitting  inflammable  gas  to  be 
the  phlogifton,  as  by  all  the  other  theories ; 
and  that,  if  we  at  prefent  appear  to  doubt 
the  identity  of  thefe  two  fubftances,  it  is 
becaufe  we  are  defirous  of  adhering  to  that 
fcrupulous  exadlnefs,  which  we  have  en- 
deavoured 


INFLAMMABLE    GAS.  J^I 

deavoured  to  preferve  with  refpe6t  to  all  the 
fad:s  we  have  hitherto  related.  Laftly, 
whatever  part  may  be  taken  in  the  various 
opinions  held  forth,  it  is  ftill  a  fadt,  that  no 
chemift  has  yet  fucceeded  in  feparating  the 
principles  of  inflammable  gas,  and  confe- 
quently,  that  it  is  a  fimple  fubftance,  in  the 
prefent  ftate  of  our  knowledge,  which  ap- 
pears to  combine  totally  with  pure  air,  and 
to  form  water.  We  take  no  notice  of  the 
theories  of  thofe  who  affirm,  that  inflam- 
mable gas  is  a  compound  of  air  and  the 
matter  of  fire,  or  that  it  is  a  modification  of 
light,  fire,  eledricity,  &c. ;  for  thefe  aflTer- 
tions  are  all  too  vague,  and  bear  too  great  a 
refemblance  to  the  inaccurate  and  uncertain 
language  of  the  infancy  of  natural  philofo- 
phy,  and  are  befides  too  far  removed  from 
experiment  and  proof  .to  merit  difcuffion. 
It  cannot,  however,  be  doubted,  but  that  in- 
flammable gas  contains  much  fpecific  heat, 
perhaps  the  matter  of  light ;  and  that  the 
former  is  feparated  from  this  gas,  whenever 
it  lofes  its  elaflic  fl:ate,  and  paflTes  into  li- 
quid combinations. 

Inflammable  gas  does  not  unite  with  wa- 
ter, but  may  be  preferved  a  long  time  over 
that  fluid  without  alteration  ;  though  at  laft 
it  ceafes  to  be  inflammable.  Dr.  Priefliley 
has  not  determined  what  kind  of  change  is 
produced,  either  in  the  inflammable  gas  or 
in  the  water ;  but  it  is  probable,  that  this 

experiment. 
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experiment,  carefully  made,  would  tend 
greatly  to  explain  the  nature  of  that  com- 
buftible  body. 

Inflammable  gas  does  not  appear  to  acft  on 
earths,  nor  on  the  three  falino-terreftrial 
fubftances ;  excepting,  however,  that  it  de- 
ftroys  the  white  colour  of  ponderous  earth, 
and  renders  it  dark. 

The  change  which  alkalis  and  acids  might 
caufe  in  thisfubftance,  and  themfelves  be  fub- 
je6ted  to  by  it,  are  not  known.  It  is  probable, 
that  it  would  decompofe  certain  acids,  efpe- 
cially  the  vitriolic  and  the  dephlogifticated 
marine  acids,  by  feizing  their  pure  air,  or 
oxyginous  principle,  and  forming  water  :  as 
to  the  vitriolic  acid,  it  may  be  fufped:ed, 
that  it  would  experience  this  decompolition, 
becaufe  the  bafe  of  vital  air  has  a  ftronger 
affinity  with  inflammable  gas;  the  latter  not 
decompofing  water,  as  we  ihall  hereafter  fee. 
The  dephlogifticated  marine  acid  has  fo  large 
a  quantity  of  fuperabundant  vital  air,  which 
adheres  fo  weakly,  that  it  may  be  prefumed 
it  would  unite  with  the  inflammable  gas,  and 
form  water. 

Inflammable  gas  does  not  appear  to  aft 
on  neutral  falts  -,  its  adlion  on  faiine  fub- 
ftances in  general  has  been  little  attended 
to.  It  is  become  a  fubftance  of  greater 
importance,  in  the  eyes  of  tne  fcicntiiic 
world,  fince  it  has  be-.n  upplicd  to  the  fill- 
ing   of  aeroftatic  me^hiacs,    Jiicovered   by 

Meuis, 
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Meflrs.  Montgolfier.  Its  fpecific  levity, 
which  is  thirteen  times  more  confiderable 
than  that  of  common  air,  is  the  caufe  of  the 
afcenfion  of  thefe  machines.  It  is  more 
than  probable,  that  this  fluid  has  a  confi- 
derable (hare  in  the  produ(5tion  of  meteors ; 
that  it  exifts  in  large  quantities  in  the  atmo- 
fphere,  where,  being  fet  on  lire  by  the  elec- 
tric fpark,  it  forms  water.  Perhaps  it  may 
be  carried  by  the  winds,  like  a  kind  of  na- 
tural aeroflat. 

Attempts  have  been  made  to  fubftitute 
this  fluid,  inftead  of  other  combuftible  mat- 
ters, for  the  ordinary  purpofes  of  life;  to 
give  light  and  heat,  to  charge  fire-arms,  &c. 
Mr.  Volta  has  confidered  it  in  this  laft  point 
of  view,  and  has  propofed  feveral  methods 
of  applying  it.  Mr.  Neret,  in  the  Journal 
de  Phyfique  for  January  1777,  has  given  a 
defcription  of  a  chafing-difh  heated  by  in- 
flammable air.  MeflTrs.  Furltenbcrger  of 
Bafil;  Brandcr,  mechanic  at  Auglburg;  Ehr- 
mann, Led:urer  in  Natural  Philofophy  at 
Stralburg  ;  have  defcribed  lamps  which 
may  be  lighted  in  the  night  by  the  eleftrical 
fpark.  Laftly,  very  pretty  artificial  fires 
are  made,  with  glafs  tubes,  bent  in  different 
directions,  and  pierced  with  a  great  number 
of  fmall  apertures.  The  inflammable  gas  is 
introduced  into  thefe  tubes,  from  a  bladder 
filled'  with  that  fluid,  and  fitted  with  a  cop- 
per cock.  When  the  bladder  is  prefixed,  the 
Vol.  II.  Z  inflam- 
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inflammable  air  being  made  to  pafs  into  the 
tube,  iffues  out  of  all  the  fmall  apertures,  and 
is  fet  on  fire  by  a  lighted  taper. 


CHAP.       IV. 

Genus  III.     Sulphur. 

CULPHUR  is  a  combuftible,  dry,  very 
•^  brittle  body,  of  a  lemon  yellow,  which 
has  no  fmell,  unlefs  heated,  and  whofe  tafte 
is  very  weak,  though  fufficiently  perceptible. 
It  becomes  eledlric  by  friftion  ;  if  a  piece  of 
a  confiderable  fize  be  expofed  to  a  fudden 
though  gentle  heat,  as  for  example,  by 
holding  it  in  the  hand,  it  breaks  to  pieces, 
with  a  crackling  noife.  Sulphur  is  found  na- 
turally in  great  quantities,  fometimes  pure, 
and  fometimes  in  a  ftate  of  combination. 
We  fhall  in  this  place  fpeak  only  of  the  firft : 
the  follov/ing  are  the  varieties  of  form  in 
which  it  is  found  pure. 

Varieties. 

I,  Tranfparent  fulphur,  cryftallized  in 
odlahedrons,  whofe  two  pyramids  are 
truncated  :  it  is  depofited  by  water, 
moil:  commonly  upon  the  furface  of 
calcareous  fpar.  Such  is  that  of 
Cadiz. 

2.  Tranf- 
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2.  Tranfparent  fulphur  in  irregular  pieces ; 

from  Switzerland. 

3.  Whitifli    pulverulent   fulphur,    depo- 

fited  in  filiceous  geodes  :  flints  filled 
with  fulphur  are  found  in  Franche 
Comte,  &c. 

4.  Pulverulent  fulphur,  depofited  at   the 

furface  of  mineral  waters ;  fuch  as 
thofe  of  Aix  la  Chapelle,  of  Enghien 
near  Paris,  &c. 

5.  Cryftalline  fulphur,    fublimed^     it  is 

tranfparent,  and  found  in  the  neigh- 
bourhood of  volcanos. 

6.  Pulverulent  fulphur,  fublimcd  by  vol- 

canic fires,  without  any  regular  form, 
and  often  interpofed  between  foft 
ftones,  as  is  obferved  at  Solfatara, 
near  Naples. 

7.  Staladlites  of  fulphur,  formed  by  vol- 

canic fires. 
Befides  thefe  feven  varieties  of  pure  mi- 
neral fulphur,  this  combuftible  fubftance  is 
found  combined  with  different  matters.  It 
is  ufually  combined  with  metals,  which  it 
converts  into  pyrites,  or  ores.  It  is  fome- 
times  united  to  calcareous  earth,  in  the  form 
of  an  earthy  liver  of  fulphur.  The  he- 
patic calcareous  ftones,  the  fetid  fpar,  and 
•fwine  ftone,  appear  to  be  of  this  nature. 

Late  difcoveries   have  added  to   the  fore- 
going varieties.     Sulphur  feems  to  be  con-- 
tinually  formed  in  vegetable  and  animal  mat- 
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ters  which  begin  to  putrify.  Though  thefe 
fpecies  of  fulphur  do  not  appear  effentially 
to  belong  to  the  mineral  kingdom,  yet  we 
think  it  proper  to  join  them  with  the  pre- 
ceding varieties,  to  render  its  natural  hiftory 
more  complete. 

Varieties. 

8.  Cryftallized   fulphur,    formed  by  the 

flow  decompofition  of  accumulated 
animal  matters ;  fuch  as  that  which 
has  been  found  in  the  ancient  lay- 
ftall*,  near  the  gate  of  St.  Antoine. 

9.  Pulverulent  fulphur,    formed   by  the 

vapours  difengaged  by  animal  fub- 
ftances  in  a  flate  of  putrefad:ion.  It 
is  colledled  on  the  walls  of  ilables, 
privies,  &c. 

10.  Sulphur  obtained  from  many  vege- 
tables, efpecially  the  root  of  the 
baftard  rhubarb,  (Lapathum),  the 
fpirit  of  cochlearia,  &c.  This  dif- 
covery,  as  well  as  the  following,  was 
made  by  Mr.  Deyeux,  member  of 
the  college  of  pharmacy,  and  lee-, 
turer  in  chemiftry. 

1 1 .  Sulphur,  obtained  in  the  analyfis  of 
animal  matters,  particularly  white  of 

egg- 

*  A  lay-ftall  (voierie)  is  a  place  appropriated,  by  the  chief 
of  a  lordihip,  for  the  reception  of  mud,  and  other  filth. 

12,    Sul- 
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12.  Sulphur,  obtained  from  horfe-dung. 
A  lady  of  the  acquaintance  of  the 
Due     de    la     Rochefoucauld    found 
this  combuftible  body  at  the  inftant 
of  its  being  emitted.      It  is  probable, 
that   fubfequent   inquiries   will    dif- 
cover  this  body  in  a  great  number  of 
animal  fubilances. 
None  of  thefe  fulphurs  arc  ufed  in  the 
arts.    The  fulphur  of  commerce  is  extradted, 
by    diftillation,    from    metallic    fubftances, 
called  pyrites.     In   Saxony,    and  in  Bohe- 
mia, this  mineral  is  put  into  earthen  tubes, 
placed   on   a  long  furnace;  the  ends  of  the 
tubes,  which  iffu«  out  of  the  furnace,  are 
received  in   fquare  iron   veffels,    containing 
water ;  the  fulphur  is  collected  in  thefe  re- 
ceivers, but  is   very  impure.     In  order  to 
purify  it,  it  is  melted  in  an  iron  ladle  ;   the 
earthy  and  metallic  parts  fubfide  to  the  bot- 
tom.   It  is  then  poured  into  a  copper  boiler, 
where  it  makes  another  depofit  of  the  foreign 
matters  which  contaminated  it.     After  hav- 
ing been  kept  a  certain  time  in  fufion,  it  is 
poured    into    cylindrical    wooden    niouWs^, 
which  give   it   the    form   it  ufiially  has  in 
commerce  ;  that  which  is  precipitated  to  the 
bottom   of  the   boiler  during  the  fufion,  is 
grey,    and   impure :    it  is   very  improperly 
called  fulphur  vivum.     In   other  countries', 
as  at  Rammelfberg,  the  fulphur  is  extracied 
from    pyrites,    in    a  more  fimple   manner. 
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The  fulphur,  which  is  found  melted  among 
the  mailes  of  pyrites,  roafted  in  the  open  air, 
is  taken  away  with  ladles,  and  purified  by  a 
fubfequent  fufion. 

Sulphur  is  not  altered  by  the  contaft  of 
light  j  heated  in  clofe  veffels,  it  becomes 
foft,  melts,  and  in  cooling  often  afTumes  a 
red,  brown,  and  greenifh  colour,  and  need- 
led form.  To  fucceed  in  this  cryftalliza- 
tion,  it  muft,  according  to  the  procefs  of 
Rouelle,  be  fuffered  to  congeal  at  its  fur^ 
face;  and  the  fluid  portion,  which  is  under- 
neath the  crufl,  muft  be  poured  oif.  The 
under  furface  of  the  congealed  part  prefents 
needles  of  fulphur,  croffing  each  other  in 
different  direffions. 

If  fulphur  be  gently  heated  when  in  fu- 
fion, it  is  volatilized  in  imall  pulverulent  par- 
cels, of  a  bright  lemon  yellow,  called  flowers 
of  fulphur.  As  the  part  which  rifes  con- 
fifts  qf  the  pureft  fulphur,  this  is  the  beft 
procefs  for  obtaining  it  free  from  foreign 
matters.  For  this  purpofe,  common  ful- 
phur, in  powder,  is  put  into  an  earthen  cu- 
curbit, to  which  pots  are  adapted,  which 
mutually  cover  each  other,  and  are  called 
aludels.  The  upper  is  terminated  by  a 
reverfed  funnel,  whofe  opening  forms  a 
flight  communication  with  the  air ;  the  cu- 
curbit is  heated  till  the  fulphur  melts,  at 
which  time  it  fublimes,  and  adheres  to  the 
fides  of  the  aludels. 

Flowers 
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Flowers  of  fulphur,  prepared  in  the  large 
way,  often  contain  a  fmall  quantity  of  vi- 
triolic acid,  formed  by  the  combuftion  of 
the  fulphur,  which  is  efFedled  by  the  air 
contained  in  the  veffels  :  it  is  thoroughly 
purified  by  wafhing  :  fulphur  ought  to  be 
prepared  in  this  way  for  medical,  and  the. 
nicer  chemical  purpofes. 

Sulphur,  heated  with  contad:  of  air,  takes 
fire  foon  after  it  is  melted^  and  burns  with 
a  blue  flame,  if  the  heat  to  which  it  has  been' 
fubjefted  be    not  confiderable  5    or  with    a 
white,    brilliant    flame,    when    the   heat   is 
itronger.     In  the  firft  of  thefe  combufl:ions,' 
it  emits  a  fuftocating  fmell ;  and  if  the  va-- 
pour  which  exhales  be  coUecSted,  it  is  found 
to  confift  of  a  very  fl:rong  fulphureous  acid. 
In  the   rapid  combufl:ion,  it  has  no   fmell, 
and  its  refidue  is  not  fulphureous  acid,   but 
oil  of  vitriol. 

Stahl,  who  imagined  that  fulphur  was  a 
compound  of  that  acid  and  phlogifl:on,  fup- 
pofed,  that  during  combufl:ion  it  lofl:  its 
inflammable  principle,  and  conlequently  be- 
came reduced  to  the  ftate  of  acidity.  The 
coUedion  of  proofs,  brought  by  him  in  fup- 
port  of  this  opinion,  was  well  calculated  to 
caufe  it  to  be  adopted  by  all  fucceeding  che- 
mills.  However,  fince  experiments  have  been 
made  with  a  view  to  afcertain  the  influence 
of  air  in  combufl:ion,  to  which  Stahl  does 
not  appear  to  have  attended,  fome  chemifls, 
Z  4  ftruck 
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firuck  with  the  difficulty  hitherto  experi- 
enced in  the  attempt  tp  exhibit  phlogifton 
alone,  and  the  facility  with  which  all  the 
cbjedlions  to  this  dodtrine  are  anfwered  by 
the  late  difcoveries  refpeding  air,  have  a- 
dopted  an  opinion  intirely  oppofite  to  that 
of  Stahl,  concerning  fulphur  and  its  com- 
buflion. 

The  fadls  on  which  the  new  opinion  is 
founded  are  thefe :  Hales  obferved  that  ful- 
phur abforbs  a  great  quantity  of  air  when 
burned.  M.  Lavoifier  has  demonftrated 
that  fulphur  in  this  refpedl  refembles  all 
other  combuftible  bodies:  i.  That  it  can- 
not burn  without  accefs  of  air.  2.  That  it 
abforbs  the  pureft  portion  of  this  fluid  dur- 
ing its  combuftion.  3.  That  the  refidue  of 
the  air  is  incapable  of  maintaining  a  new 
combuflion.  4.  That  the  vitriolic  acid  pro- 
duced exceeds  the  quantity  of  fulphur  from 
which  it  was  produced,  by  the  weight  the 
air  has  loft.  5.  That  consequently  fulphur 
combines  with  the  bafe  of  pure  air,  to  form 
oil  of  vitriol.  This  acid  is  therefore  a  com- 
pound of  the  oxyginous  principle  and  ful- 
phur ;  and  the  latter,  inftead  of  being  a 
compound,  is  one  of  the  principles  of  oil  of 
vitriol,  which  requires  only  to  be  united 
with  the  bafe  of  air  to  form  that  acid,  a 
procefs  that  takes  place  during  combuftion. 
Heat  is  neceifary,  becaufe  it  divides  and  de- 
ilroys  the  aggregation,  and  favours  its  com- 
bination 
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binatlon  with  the  oxyginous  principle.  When 
it  is  once  burned  or  combined  with  the  lat- 
ter principle,  it  is  no  longer  capable  of  be- 
ing inflamed,  but  enters  into  the  clafs  of 
incombuftible  bodies. 

According  to  the  manner  in  which  it  is 
burned,  it  abforbs  different  quantities  of  the 
oxyginous  principle,  and  becomes  more  or 
lefs  acid.  Such  is  the  theory  of  the  differ- 
ence which  exifts  between  the  flow  and  ra- 
pid combufl:ions  of  fulphur,  and  the  fulphu- 
reous  and  vitriolic  acids  refulting  from  each. 
Stahl  fuppofed,  that  when  fulphur  is  flowly 
burned  it  does  not  lofe  all  its  phlogifl:on, 
and  that  the  vitriolic  acid  retaining  a  portion 
of  that  principle,  prefcrves  its  fmell  aqd  vo- 
latility:  but  it  is  nov/  proved  by  experiment, 
that  when  fulphur  burns  flowly,  it  does  not 
abforb  as  much  of  the  bafe  of  air  as  it  is  ca- 
pable of  uniting  with  ;  whereas  in  the  rapid 
combufl:ion,  it  becomes  faturated  with  that 
principle,  and  confliitutes  vitriolic  acid.  The 
fulphureous  acid  combined  with  alkaline 
matters  becomes  gradually  converted  into 
the  common  vitriolic  acid,  by  abforbing  the 
bafe  of  vital  atmofpheric  air. 

It  will  be  eafy  to  form  a  clear  notion,  ac- 
cording to  this  theory,  of  what  happens 
when  fulphur  is  formed  with  the  vitriolic 
acid  and  certain  combuftible  matters,  as  we 
have  obferved  with  refpecfc  to  the  vitriols  of 
pot-afli,  of  foda,  the  ammoniacal,  calcareous, 

magnefian. 
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magnefian,  argillaceous,  and  barytic  vitriols 
heated  with  charcoal.  According  to  the  doc- 
trine of  Stahl,  the  phlogifton  of  the  coal 
united  with  the  vitriolic  acid  of  the  falts, 
forms  fulphur ;  according  to  the  modern 
theory,  the  coal  feizes  the  oxyginous  prin- 
ciple contained  in  the  vitriolic  acid,  and 
confequently  leaves  the  fulphur,  which  is  its 
other  principle.  Whenever,  therefore,  the 
vitriolic  acid  is  changed  into  fulphur  by  any 
combuftible  body,  the  latter  is  always  re- 
duced to  the  ftate  of  a  body  which  has  fuf- 
fered  combuftion,  as  we  fhall  obferve  in  the 
hiftory  of  many  metallic  fubftances.  For 
this  reafon  likewife  it  is,  that  a  large  quan- 
tity of  cretaceous  acid  is  obtained  during 
the  artificial  produdlion  of  fulphur,  namely, 
by  the  tranfition  of  the  oxyginous  principle 
from  the  vitriolic  acid  to  the  carbonaceous 
matter.  It  muft  be  recoUeded,  that  the 
prefence  of  the  bafe  of  pure  air  is  eafily  de- 
monftrated  in  the  vitriolic  acid. 

Sulphur  is  not  at  all  changeable  by  expo- 
fure  to  air,  nor  foluble  in  water.  If  it  be 
held  a  certain  time  in  fufion,  and  poured 
into  that  fluid,  it  becomes  red,  and  pre- 
ferves  a  certain  degree  of  foftnefs,  fo  that  it 
may  be  kneaded;  but  it  lofes  thefe  proper- 
ties in  a  few  days.  Water,  let  fall  drop  by 
drop  into  burning  fulphur,  is  not  decom- 
pofed,  and  does  not  maintain  the  combuf-. 
tion,  which  proves  that  the  bafe  of  vital  air, 

or 
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or  the  oxyginous  principle,  has  a  ftronger 
affinity  with  inflammable  gas  without  ful- 
phur.  This  affertion  may  be  confirmed  by 
the  adlion  of  inflammable  gas  on  the  vitrio- 
lic acid,  which  it  appears  to  deprive  of  the 
oxyginous  principle. 

Sulphur  has  no  aClion  on  fillceous  earth, 
and  does  not  unite  with  clay,  without  diffi- 
culty. The  latter,  however,  when  exceed- 
ingly divided,  appears  lo  reduce  fulphur  to 
the  hepatic  ftate,  as  is  ktn  in  the  prepara- 
tion of  pyrophorus. 

The  general  name  of  fulphureous  hepar, 
or  liver  of  fulphur,  has  been  given  to  a 
compound  formed  of  fulphur,  with  fome 
alkaline  fubfl:ance.  This  compound  con- 
fidered  in  general,  is  of  a  brov^n  colour,  re- 
fembling  that  of  the  liver  of  animals ;  de- 
compofable  by  vital  air;  foluble  in  water, 
in  which  fliate  of  folution  it  emits  a  fetid 
fmell ;  precipitable  in  part  by  acids,  which 
difengage  a  peculiar  gas,  called  hepatic  gas. 
There  are  fix  kinds  of  liver  of  fulphur  pro- 
duced by  ponderous  earth,  magnefia,  lime, 
and  the  three  alkalis.  The  properties  of  each 
require  to  be  particularly  examined. 

Pure  ponderous  earth  does  not  appear  to 
aft  ftrongly  on  fulphur;  when  thefe  are  boiled 
together  with  water,  the  liquid  becomes  in  a 
fmall  degree  hepatic  ;  but  it  combines  much 
more  intimate  in  the  dry  way.  When  a  mix- 
ture of  eight  parts  of  ponderous  fpar  in  pow- 
der 
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der  with  one  part  of  charcoal,  is  flrongly 
heated  in  a  crucible,  a  coherent  mafs  is  ob- 
tained without  fufion,  which  readily  diflblves 
in  hot  water,  and  has  the  fmell  and  every 
other  characters  of  a  hepar.  The  folution  is 
of  a  golden  or  orange  colour.  I  have  difco- 
vered  that  it  cryftallizes  by  cooling  ;  it  is 
then  of  a  yellowifh  white.  Expoiure  to  air 
dccompofes  it,  when  it  attracts  moifture, 
and  becomes  of  deeper  colour^  fulphur  being 
precipitated,  and  ponderous  fpar  regenerat- 
ed. This  liver  of  fulphur  gives  out  on  the 
addition  of  any  acid,  an  elaflic  fluid,  known 
by  the  name  of  hepatic  gas,  whofe  properties 
-^ve  (hall  hereafter  examine.  When  the  ba- 
rytic  hepar  is  precipitated  by  vitriolic  acid, 
fulphur  and  ponderous  fpar  fcU  down ;  if 
nitrous  or  marine  acid  be  ufed,  the  barytic 
nitre  or  muriate  remains  in  folution,  and 
the  fulphur  is  depofited  alone. 

Sulphur  combines  with  pure  magnefia,  by 
the  afliftance  of  heat.  The  fait,  which  we 
have  called  aerated  magnefia,  is  commonly 
•ufcd  for  this  purpofe,  becaufe  more  difFuf- 
able  in  water.  A  pinch  of  magnefia,  with 
a  like  mafs  of  the  flowers  of  fulphur,  h  put 
into  a  bottle  with  diflilled  water;  this  vef- 
fel  being  perfectly  filled,  and  well  flopped,  is* 
expofed  to  the  heat  of  a  water-bath  for  feyeral 
hours.  The  water  being  then  filtered,  has. 
a  fetid  fmell  of  rotten  eggs ;  flrongly  co- 
lours  metallic  folutions,   and  affords   fmall 
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cryftalline  needles  by  fpontaneous  evapora- 
tion :  in  a  word,  it  is  a  true  magnefian  liver 
of  fulphur  ;  the  magnefia  being  precipitable 
by  fixed  alkali,  which  has  a  ftronger  affinity 
with  the  fulphur.  As  to  the  latter  com- 
builible  fubftance,  its  prefence  is  eafily  af- 
certained  by  the  addition  of  an  acid,  which 
feparates  it  under  the  form  of  a  white  pow- 
der. Such  was  the  kind  of  liver  of  fulphur 
which  Mr.  Le  Roi,  phyfician  at  Montpellier, 
diifolved  in  pure  water,  to  imitate  the  hepa- 
tic mineral  waters  j  but  it  is  now  known, 
that  mofi:  of  thofe  waters  do  not  contain  a 
true  hepar,  but  are  mineralized  fimply  by 
impregnation  with  hepatic  gas. 

Lime  unites  much  more  readily  with  ful- 
phur than  the  two  falino-terreftrial  fubftan- 
ces  before-mentioned.  If  water  be  pour- 
ed by  a  little  at  a  time  on  a  m.ixture  of 
quick  lime  and  flowers  of  fulphur,  the  heat 
produced  by  the  acflion  of  the  water  on  the 
lime  is  fufficient  to  promote  the  combination 
between  it  and  the  fulphur.  If  more  water 
be  added,  it  becomes  reddifh,  and  emits  a 
fetid  or  hepatic  odour,  being  in  fadl  a  folu- 
tion  of  fulphur  combined  with  lime.  This 
hepar  is  not  well  prepared,  but  by  the  hu-- 
mid  way,  and  it  is  often  neceflary  to  affift 
the  combination  by  the  application  of  a  gentle 
heat,  when  the  lime  is  not  frefh.  This  com- 
pound is  of  a  red  colour ;  and  the  more  cauf- 
tic  the  lime,  the  deeper  the  red.     When  it 
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is  highly  faturated,  I  have  obferved  that  it  de- 
pofits,  by  cooling,  a  layer  of  fmall  needled 
cryftals  of  an  orange  yellow,  difpofed  in  tufts, 
which  appeared  to  me  to  confift  of  flattened  te- 
trahedral  prifms,  terminated  by  dihedral  fum- 
mits.  Thefecryftals  gradually  lofe  their  colour 
by  expofure  to  air,  and  become  white  and  o- 
pake,  without  any  alteration  in  their  form. 
Calcareous  liver  of  fulphur  moiftened  with  a 
fmall  quantity  of  water,  and  diftilled  in  the 
pneumato-chemical  apparatus,  is  partly  de- 
compofed,    and  affords  a  large  quantity  of 
hepatic  gas  :  if  it  be  evaporated  to  drynefs, 
and  calcined  in  an  open  crucible  till  it  emits 
no  more  fumes,  the  refidue  confifts  of  fele- 
nite  formed   by  the  lime  and  the  vitriolic 
acid,  produced  by  the  flow  combufl:ion  of 
the  fulphur.     Calcareous  liver  of  fulphur  is 
quickly  changed  by  expofure  to  air,  lofing- 
its  fmell  and  colour,  in  proportion  as  the 
hepatic  gas  is  diflipated.     When  diflblved  in 
a  large  quantity  of  water,  the  fame  altera- 
tion  takes   place,  efpecially  when  it  is  agi- 
tated, as  Mr.  Monnet  obferves,  in  his  Trea- 
tife  on  Mineral  Waters.      Selenite  remains 
after  thofe  changes.    When  preferved  in  bot- 
tles, not  quite  full,  it  depoiits  a  black  incruf- 
tation  on  the  glafs,   pellicles   being  at   the 
fame  time  formed,  which  fill  to  the  bottom 
of  the  liquor.     If  the  vefl^el  which  contains 
it  be  well  clofed,  it  may  be  kept  a  long  time 
without  change,  as  I  have  often  obferved  in 
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my  laboratory.  Calcareous  liver  of  fulphur 
is  decompofed  by  pure  fixed  alkalis,  which 
have  a  fttonger  affinity  than  lime  to  the  ful- 
phur. Acids  precipitate  the  fulphur  in  the 
form  of  a  very  fubtle  white  powder,  which 
has  been  called  magiftery  of  fulphur.  The 
cretaceous  acid  effedts  this  feparation  as  wqU 
as  the  others;  but  the  aftion  of  neutral  falts 
on  calcareous  liver  of  fulphur  is  not  known. 
The  two  pure  or  cauftic  fixed  alkalis,  have 
a  very  ftrong  action  on  fulphur ;  they  form 
the  true  hepars,  which  are  lefs  decompofc- 
able,  and  more  permanent,  than  the  other. 
I.have  difcovered,  that  the  dry  fixed  cauftic 
alkalis  a(ft  on  fulphur  when  in  the  cold. 
The  pure  fixed  alkali  and  the  fulphur  in 
powder  muft  be  triturated  in  a  mortar ;  the 
moifture  of  the  air  attracted  by  the  alkali 
favours  the  re-aftion  of  the  fait  on  the  ful- 
phur. The  mixture  becomes  foft,  affumes 
an  yellow  colour,  emits  a  fetid  fmell,  and 
is  converted  into  hepar;  but  when  this  he- 
par  is  diifolved  in  water,  the  folution  is  of 
a  pale  yellow  colour,  and  is  found  to  con- 
tain a  lefs  quantity  of  fulphur  than  the  fame 
hepar  prepared  by  heat.  The  alkaline  he- 
par  is  prepared  in  laboratories  in  two  me- 
thods, by  the  dry,  or  by  the  moift  way; 
the  firft  procefs  is  performed  by  melting 
equal  parts  of  dry  lapis  caufticus  and  flowers 
of  fulphur  in  a  crucible  :  as  foon  as  the  mix- 
ture is   intirely  melted,  it  is  to  be  poured 
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out  on  a  marble  flab,  and  appears  whert 
cool  to  be  of  a  red  brown  colour,  refembling 
that  of  the  liver  of  animals.  Mr.  Gengem- 
bre,  who  has  communicated  to  the  Academy 
a  feries  of  very  valuable  experiments  concern- 
ing hepatic  gas,  makes  an  important  ob» 
fervation  on  the  alkaline  hepar  prepared  by 
the  dry  way;  namely,  that  this  compound 
is  not  fetid,  and  does  not  emit  hepatic  gas 
while  it  is  dry  ;  its  fmell  not  becoming  per- 
ceptible till  it  has  attradied  moifture  from  the 
atmofphere,  or  is  dilTolved  in  water :  a  fadt 
which  proves  that  water  difengages  hepatic 
gas,  as  we  fhall  more  fully  explain.  The 
two  pure  and  cauftic  fixed  alkalis  ad;  abfo- 
lutely  in  the  fame  manner  on  liver  of  ful- 
phur,  and  are  equally  capable  of  diflblving 
it  by  the  dry  way.  Thefe  combinations  of 
cauftic  alkalis  with  fulphur  have  hitherto 
bQen  little  attended  to ;  liver  of  fulphur 
having  almoft  always  been  made  with  fixed 
alkalis,  faturated  with  the  cretaceous  acid. 
Yet  there  are  remarkable  differences  between 
thefe  two  kinds  of  hepar ;  thofe  made  with 
the  cretaceous  fixed  alkalis  require  a  longer 
time  for  their  preparation,  becaufc  thefe 
falts  are  much  lefs  adive.  But  the  moft 
important  difference  we  have  had  occafion 
to  obferve  between  the  livers  of  fulphur 
made  with  cauftic  or  dry  alkalis  in  the  dry 
way,  is  the  comparative  ftate  of  their  fatu- 
ration.     In  fadt,  the   firft  are   brown,  and 
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more  fetid  when  diflblved,  and  the  gas  they 
afford  is  much  more  hepatic  and  inflamma- 
ble than  that  of  the  fecond.  Thefe  laft  are 
of  a  paler  colour,  often  of  a  greenifh  grey; 
their  fmell  is  weaker,  and  their  compofition 
Icfs  durable.  The  cretaceous  fixed  alkalis 
appear  to  preferve  their  acid  in  their  union 
with  fulphur,  the  gas  of  thefe  hepars  not  be- 
ing inflammable  till  it  has  been  deprived  of  its 
cretaceous  acid,  by  wafliing  it  in  lime-water. 
The  caufe  of  the  difl^erences  between  livers 
of  fulphur  made  with  caufcic  alkalis,  and 
with  thofe  made  with  mild  alkalis,  confifts 
therefore  in  the  prefence  of  the  acid  in  the 
latter,  which  diminifhes  the  effecft  of  the 
alkali. 

Solid  alkaline  liver  of  fulphur  made  with 
either  of  the  fixed  alkalis,  is  very  fufible, 
and,  like  calcareous  liver  of  fulphur,  is  de- 
compofed  by  heating  in  clofe  vefl^els,  after 
having  been  moiftened  with  a  fmall  quantity 
of  water,  in  which  circumftance  it  gives 
out  much  heat.  It  is  capable  of  aifum- 
ing  a  cryftalline  form  when  it  becomes  fo- 
lid  after  fufion  -,  but  this  form  has  not  yet 
been  well  defcribed.  While  hot  and  dry  it 
has  a  brown  colour;  in  proportion  as  it 
cools  and  attrafts  the  humidity  of  the  air,  it 
lofes  its  colour,  and  becomes  paler.  The 
contadt  of  the  air  foon  gives  it  a  greenifh 
yellow  colour;  after  which  it  is  rendered 
liquid  by  the  moifture  it  attracts,    and  is 
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flowly  decompofed,  fo  as  to  become  con-* 
verted  at  the  end  of  a  certain  time  into  vitri- 
olated  tartar,  or  Glauber's  fait.  It  diffolves 
readily  in  water,  immediately  afiuming  a 
peculiar  fetid  fmell  ,•  the  hepatic  gas  being 
formed  by  the  re-adtion  of  the  water :  this 
folution  is  of  a  deep  red  colour,  if  the  liver 
of  fulphur  has  been  recently  prepared,  but 
otherwife  a  green.  The  livers  of  fulphur 
prepared  In  the  humid  way,  by  heating  a 
folution  of  either  of  the  cauftic  fixed  alkalis 
in  water,  with  half  their  weight  of  pow- 
dered fulphur,  exhibit  the  fame  properties 
as  the  folution  here  mentioned :  we  may 
therefore  defcribe  both  under  the  common 
name  of  alkaline  liquid  hepar. 

The  liquid  alkaline  liver  of  fulphur,  when 
very  ftrong,  depofits  irregular  needle-formed 
cryftals  by  cooling.  It  is  decompofable  by 
the  aftion  of  heat.  When  diflilkd  in  the 
pneumato-chemical  apparatus,  it  affords  he- 
patic gas :  expofure  to  air  likewife  decom- 
pofes  it,  {o  that  it  becomes  turbid ;  pelli- 
cles are  then  formed,  and  fulphur  depoiited. 
Bergman  and  Scheele  thought  that  this  de- 
compofition  is  produced  by  the  vital  air  of  the 
atmofphere ;  a  fmall  quantity  of  liquid  liver 
of  fulphur  being  placed  under  a  glafs  veffel 
with  vital  air,  the  latter  is  entirely  abforbed, 
and  the  hepar  decompofed.  Mr.  Scheele 
has  even  propofed  the  application  of  this 
faft  to  eudiometrical  purpofes  3  and  it  is  in 
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fadt  one  of  the  beft  methods  of  afcertaining 
the  purity  of  the  air. 

Earths,  and  falino-terreftrial  fubftances, 
have  no  adtion  on  alkaline  liquid  hepar  when 
Very  pure ;  but  if  it  has  been  prepared  with 
a  cretaceous  alkali,  it  becomes  turbid  by  the 
addition  of  lime-water.  Acids  decompofe 
it,  by  uniting  with  the  alkali,  and  precipi- 
tating the  fulphur  in  the  form  of  a  very  fine 
white  powder,  called  magiftery  of  fulphur. 
Spirit  of  nitre,  poured  on  folid  liver  of  ful* 
phur  in  fufion,  produces  a  detonation.  Ac- 
cording to  Mr.  Prouft,  all  the  acids  decom- 
pofe alkaline  liver  of  fulphur,  difengaging 
at  the  fame  time  gas,  which  may  be  col- 
ledted  in  the  pneumato-chemical  apparatus, 
and  deferves  to  be  particularly  examined. 

To  obtain  this  gas,  an  acid  muft  be  pour- 
ed on  pulverized  folid  alkaline  liver  of  ful- 
phur; a  ftrong  effervefcence  Is  produced, 
which  does  not  take  place  in  the  fame  man- 
ner, if  the  acid  be  poured  into  a  folution  of 
the  hepar.  This  phenomenon,  which  has 
fcarcely  been  attended  to  by  chemifts,  de- 
pends on  two  circumftances :  i.  Solid  alka- 
line hepar,  according  to  the  obfervation  of 
M.  Gengembre,  does  not  contain  hepatic  gas 
ready  formed;  but  when  an  acid  is  poured  on 
it,  the  water,  which  holds  this  lafl  fait  in 
folution,  contributes  to  its  formation.  As 
the  quantity  inftantly  produced  is  very  con- 
fiderable,  and  the  gas  does  not  find  a  body 
A  a  2  which 
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which  may  retain  it  in  folution,  it  efcapes,  oc- 
cafioning  a  ftrong  efFervefcence ;  fo  that  when 
the  experiment  is  made  in  a  bottle,  to  which 
a  tube  is  adapted,  the  gas  may  be  eafily  col- 
lefted  over  mercury.  2.  The  folution  of 
alkaline  liver  of  fulphur  contains  a  confider- 
able  quantity  of  hepatic  gas  ready  form- 
ed ;  though  a  part  of  the  gas  'was  difen- 
gaged  during  the  ad:  of  its  folution;  and 
when  an  acid  is  added,  the  portion  of  gas 
which  is  difengaged  becomes  diflblved  in  the 
water,  fo^  as  not  to  produce  a  fenfible  effer- 
vefcence  ;  or  at  leaft  the  effervefcence  is  very 
inconfiderable,  and  the  quantity  of  gas  col- 
ledted  is  but  fmall. 

This  gas,  which  is  the  fame  in  all  livers 
of  fulphur,  and  is  their  diflinguifliing  cha- 
rafteriflic,  has  been  long  known  by  its  fetid 
fmell,  and  by  its  acftion  on  metals  and  metallic 
calces,  particularly  thofe  of  lead  and  bifmuth, 
which  it  renders  intirely  black.  Its  fmell 
is  infupportable ;  it  fuddenly  deftroys  ani- 
mal life,  renders  fyrup  pf  violets  green,  and 
burns  with  a  very  light  blue  flame :  if  it  be  fet 
on  fire  in  a  large  and  very  clean  glafs  vellel^ 
it  depofits  on  the  furface  of  the  glafs  certain 
clouds,  which  are  found  to  be  fulphur.  This 
gas  is  decompofed  by  vital  air,  and  depofits 
its  fulphur  whenever  it  comes  in  contadt 
with  atmofpheric  air ;  it  is  from  this  caufe 
that  fulphur  is  found  floating  in  the  form  of 
flov^rers  on  the  fulphureous  waters,  which  it 
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mineralizes,  though  they  do  not  contain  true 
liver  of  fulphur.  The  fulphur  depofited 
from  the  waters  of  Aix-la-Chapelle,  Eng- 
hien,  &c.  has  the  fame  origin.  From  this 
caufe  likewife,  fulphureous  depofitions  arc 
made  on  that  part  of  bottles  which  contain 
livers  of  fulphur.  Bergman  attributes  this 
decompofition  to  the  ftrong  affinity  of  pure 
air  with  phlogifton.  He  confiders  hepatic 
gas  as  a  combination  of  fulphur,  phlogiflon, 
and  the  matter  of  heat ;  when  one  of  thefe 
principles  is  feparated,  the  other  two  become 
difunited.  M.  Gengembre,  ftruck  with  the 
obfervation,  that  hepars  do  not  give  out 
gas  when  water  is  not  prefent,  concluded 
that  this  fluid,  by  its  decompofition,  contri- 
butes to  the  formation  of  the  gas  ;  that  its 
vital  air  unites  with  a  part  of  the  fulphur, 
and  its  inflammable  <^as  diffolves  a  fmall 
portion,  which  folution  confl:itutes  hepatic 
gas.  He  imitated  the  formation  of  this  gas 
by  melting  fulphur  over  mercury  in  a  jar 
containing  inflammable  gas,  by  the  folar  fo- 
cus of  a  lens  of  nine  inches  in  diameter  : 
part  of  the  fulphur  became  diflTolved  in  the 
inflammable  gas,  which  alTamed  all  the  cha- 
radlers  of  hepatic  gas ;  but  as  the  fulphur 
alone  cannot  decompofe  water,  and  the 
oxyginous  principle  has  a  ftronger  affinity 
with  aqueous  inflammable  gas,  than  with 
that  combufl:ible  fubftance,  M.  Gengembre 
thinks  that  the  alkali  favours  the  decompo- 
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lition  of  water  by  fulphur,  by  reafon  of  its 
tendency  to  unite  with  the  combination  of 
fulphur  with  the  oxyginous  principle  -,  that 
is  to  fay,  v/ith  the  vitriolic  or  fulphureous 
acid.  To  fupport  this  theory,  M.  Gen- 
gembre  obferves,  that  the  quantity  of  he- 
patic gas  difengaged  from  liver  of  fulphur, 
is  in  proportion  to  the  force  with  which  the 
acid  made  ufe  of  retains  its  oxyginous  prin- 
ciple ;  becaufe  the  water  is  in  that  cafe  de- 
compofed,  rather  than  the  acid.  Such,  ac- 
cording to  him,  is  the  reafon  why  the  marine 
acid  affords  one  half  more  hepatic  gas  than  the 
nitrous,  as  obferved  by  Meffrs.  Scheele  and 
Sennebier.  Laflly,  theprocefsof  Mr,  Scheele 
for  obtaining  a  large  quantity  of  hepatic 
gas,  which  conlifts  in  dilTolving  pyrites  in 
artificial  fpirit  of  vitriol,  compofed  of  three 
parts  of  iron,  and  one  of  fulphur,  tends 
greatly  to  eftablifli  this  opinion.  It  there- 
fore appears,  that  the  vital  air  decompofcs 
hepatic  gas,  by  uniting  and  forming  water 
with  the  inflaramable  gas,  while  the  fulphur 
precipitates. 

Water  diffolves  hepatic  gas  with  confider- 
able  facility.  This  folution,  which  has  all 
the  properties  of  that  aeriform  fluid,  is  a 
perfedt  imitation  of  fulphureous  mineral 
waters. 

Earths  and  alkaline  fubftances  do  not  ap- 
pear to  aft  on  this  gas. 

The  vitriolic  acid  does  not  decompoXe  he^ 
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patic  gas,  becaufe  the  oxyginous  principle 
has  a  ftronger  affinity  with  fulphur  than 
with  the  aqueous  inflammable  gas.  The 
nitrous  acid,  in  which  the  oxyginous  prin- 
ciple is  very  weakly  retained,  quickly  de- 
compoles  hepatic  gas,  and  precipitates  the 
fulphur.  This  acid  is  advantageoufly  ufed 
as  a  teft  of  the  prefence  of  fulphur  in  he- 
patic waters. 

Alkaline  liver  of  fulphur  decompofes  neu- 
tral falts,  as  well  as  metallic  folutions,  as  we 
(hall  hereafter  fee. 

The  cauftic  volatile  alkali,  or  volatile  al- 
kaline fpirit,  has  fcarcely  any  adlion  on  con- 
crete fulphur  ',  though  Boerhaave  affirms 
that  this  fluid,  by  long  ftanding  on  flowers 
of  fulphur,  afl^brded  him  a  golden  tindture. 
To  combine  thefe  bodies,  they  muft  be  pre- 
fented  to  each  other  in  a  ftate  of  vapour. 
With  this  intention,  a  mixture  of  equal 
parts  of  quick  lime  and  fal  ammoniac,  with 
half  a  part  of  flowers  of  fulphur,  are  dif- 
tilled  in  the  apparatus  of  Woulfe,  obferv- 
ing  to  put  no  greater  quantity  of  water  in 
the  bottle,  than  is  necefl^ary  to  difli)lve  the 
dofe  of  alkaline  gas  to  be  produced.  In  this 
difl:illation,  which  muft  be  carefully  con- 
dudted,  a  reddifli  yellow  alkaline  liquor  is 
obtained  of  a  penetrating  fmell,  and  fome- 
what  hepatic.  In  a  word,  a  true  volatile 
liver  of  fulphur,  which  has  the  property 
of  emitting  whitifh  fumes,  v^hen  in  contadb 
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with  air,  whence  it  is  called  the  fuming  H^ 
quor  of  Boyle.  This  liver  of  fulphur  is  de- 
compofed  by  heat.  At  the  end  of  a  certain 
time,  a  large  quantity  of  fmall  rainbow-co- 
loured needles.,  one  or  two  lines  in  length^j 
are  formed,  which  appear  to  be  the  concrete 
and  cryftallized  volatile  liver  of  fulphur.  A 
light,  blackifh,  and  frequently  golden-co- 
loured cruft,  is  depofited  on  the  fides  of  the 
bottles.  Lime  and  fixed  alkalis  decompofe 
the  fuming  liquor ;  acids  likewife  precipi- 
tate the  fulphur  with  great  facility,  and  dif- 
engage  a  very  inflammable  hepatic  gas.  The 
ammoniacal  falts,  produced  in  thefe  decom- 
pofitions,  differ  according  to  the  nature  of 
the  acid  made  ufe  of.  A  miftake  made  in 
one  of  my  leftures,  produced  an  accidental 
difcovery,  which  deferves  to  be  mentioned. 
Being  defirous  of  precipitating  the  fuming 
liquor  of  Boyle,  I  took  a  bottle,  placed  on 
my  table,  with  the  title  of  fpirit  of  vitriol ; 
it  contained  only  a  very  fmall  quantity  of  the 
fluid,  which  prevented  me  from  perceiving 
that  it  was  pure  oil  of  vitriol.  I  poured  a 
few  drops  ^  into  the  fuming  liquor ;  a  rapid 
inteftine  motion  was  infl:antly  excited,  a 
very  denfe  white  cloud  ifliied  out  of  the  vef- 
fel  in  vv'hich  the  mixture  was  made,  and 
a  noife,  refembling  that  of  a  large  fufee, 
immediately  followed.  The  liquor  flew  out 
of  the  glafs,  the  veflel  became  very  hot,  and 
broke  into  a  great  num.ber  of  pieces ;  no- 
thing 
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thing  remaining  but  a  yellowifh  thick  mag- 
jna,  refembling  fulphur,  on  fome  of  the 
fragments.  I  have  carefully  repeated  this 
experiment  a  great  number  of  times,  con- 
ftantly  with  the  fame  refult.  The  whole 
mixture  is  thrown  out,  after  a  violent  com- 
motion ;  but  the  different  phenomena  fuc- 
ceed  each  other  with  fuch  rapidity,  that  it 
is  impoffible  to  avoid  confounding  them  to- 
gether. The  moft  fuming  fpirit  of  nitre  did 
not  appear  to  produce  the  fame  effeft  on  the 
fuming  liquor  prepared  fome  time  before; 
the  mixture  is  ftrongly  agitated  ;  much  heat 
and  ebullition  is  produced ;  a  white  cloud 
of  ammoniacal  nitrous  fait  rifes,  but  no  ex- 
plolion  follows,  as  is  produced  by  oil  of  vi- 
triol on  the  fame  hepatic  liquor,  though 
made  a  Ions:  time  before.  Mr.  Prouft  af- 
firms,  that  nilTOus  acid,  poured  on  two 
drachrr.s  of  the  fuming  liquor  of  Boyle, 
produces  a  report  equally  violent  with  that 
of  the  fame  quantity  of  fulminating  powder. 
This  phenomenon  does  not  appear  to  take 
place,  but  with  the  volatile  hepar  recently 
prepared. 

The  cretaceous  ammoniacal  fait,  or  con- 
crete volatile  alkali,  likewife  unites  with 
fulphur.  Whenever  thefe  tv/o  bodies  meet  in 
the  vaporous  form,  they  unite,  and  compofe 
a  concrete  volatile  liver  of  fulphur.  It  may 
be  obtained,  by  diftilling  a  mixture,  of  equal 
parts  of  cretaceous  tartar,  or  chalk,  and  fal- 

ammoniac. 
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ammoniac,  with  half  a  part  of  the  flowers 
of  fulphur.  This  liver  of  fulphur  is  of  a 
red  brown,  and  cryftallized  ^  it  emits  fome 
white  vapours  when  diffolved ;  is  decom- 
pofed  by  heat ;  is  changed,  and  lofes  its 
colour,  by  expofure  to  air^  is  decompofed  by 
acids,  &c.  The  hepatic  gas  which  it  affords 
contains  cretaceous  acid.  It  muft  be  ob- 
ferved,  that  this  concrete  volatile  hepar,  is 
merely  ammoniacal  chalk,  vitiated  byafmall 
portion  of  the  faming  liquor  of  Boyle  ;  for 
it  is  impoffible  that  the  volatile  alkali  fhould 
hold  fulphur  in  folution,  while  it  is  com- 
bined with  the  cretaceous  acid,  which  has 
the  property  of  precipitating  the  fulphur  very 
readily. 

Several  acids  ad:  upon  fulphur.  If  oil  of 
vitriol  be  boiled  on  flowers  of  fulphur,  the 
acid  affumes  an  amber  coloilr,  and  a  fulphu- 
reous  fmell ;  the  fulphur  melts,  and  floats 
like  oil :  in  cooling,  it  forms  concrete  glo- 
bules, of  a  green  colour,  v/hich  is  deeper,  in 
proportion  to  the  time  it  has  been  expofed 
to  the  aftion  of  the  acid.  The  acid  diffolves 
a  fmall  part  of  the  fulphur,  which  is  precis 
pitable  by  an  alkali,  as  M.  Baume  has 
fhewn.  This  experiment,  and  many  others 
of  the  like  nature,  convinced  Mr.  Bertho-^ 
let,  that  the  fulphureous  acid  confifts  of  the 
vitriolic  acid,  which  holds  fulphur  in  folu- 
tion. 

The  fmoking  nitrous   acid  adls  ftrongly 

on 
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mi  fulphur.  Mr.  Prouft  was  the  firfl:  who 
obferved,  that  a  detonation  and  inflammation 
are  produced  when  red  nitrous  acid  is  poured 
on  melted  fulphur.  Mr.  Chaptal  has  made 
a  feries  of  experiments  relative  to  this  fub- 
jedt;  he  fucceeded  in  diffolving  and  con- 
verting fulphur  into  vitriolic  acid,  by  dif- 
tillation,  with  the  addition  of  nitrous  acid. 
Hence  it  appears,  that  vital  air,  or  the  oxy- 
ginous  principle,  has  a  ftronger  affinity  with 
fulphur,  than  with  nitrous  gas  or  atmofphe- 
ric  mephitis. 

The  common  marine  acid  produces  no 
change  in  this  combuftible  fubftance ;  but 
the  excefs  of  the  oxyginous  principle,  ab- 
forbed  by  this  acid,  in  the  dephlogifticated 
flats  of  Scheele,  is  capable  of  acting  more 
ilrcngly  on  it.  Experiments  have  not, 
however,  been  fufficiently  varied,  to  render 
it  necelTary  for  us  to  dwell  longer  on   this 

Vitriolic  neutral  falts  have  no  acftion  on 
fulphur;  nitrous  falts,  on  the  contrary, 
caufe  it  to  burn  with  rapidity,  even  in  clofed 
velTels/  Nothing  can  be  more  fimple  than 
the  theory  of  this  important  phenomenon. 
Nitre,  decompofed  by  heat,  affords  a  very 
large  quantity  of  vital  air.  Sulphur  is  a  very 
combuftible  fubftance;  that  is  to  fay,  it  has 
a  ftrong  ttndency  to  unite  with  the  oxygi- 
nous principle  :  it  therefore  finds  that,  in  the 
nitre  which  is  neceflary  for  its  combuftion, 

and 
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and  does  not  therefore  need  the  contact  of  at- 
rnofpheric  air  for  that  purpofe.  The  produfts 
are  very  different,  according  to  the  refpedlive 
quantities  of  nitre  employed.  If  a  mixture 
of  eight  parts  of  fulphur,  and  one  of  nitre, 
be  fet  on  fire  in  a  clofe  velTel,  the  fulphuf. 
burns  with  a  very  brilliant  white  flame,  and 
becomes  converted  into  vitriolic  acid.  This 
method  has  been  ufed  in  England,  and  in 
Holland,  for  more  than  twenty  years,  for 
preparing  this  acid,  which  was  before  ob- 
tained from  vitriol.  Very  large  glafs  vefTels, 
capable  of  holding  about  four  or  five  hundred 
pints,  having  a  large  neck,  were  at  firft  ufed 
in  England.  Thefe  were  placed  belide  each 
other,  on  a  bed  of  fand,  in  two  rows,  at  a 
fufficient  diftance  from  each  other  to  be  con- 
veniently come  at.  A  few  pounds  of  water 
were  put  into  each  of  thefe  vefTels.  A  flone- 
ware  pot  was  introduced  into  the  neck  of  each 
vefTel,  on  which  a  ladle  of  iron,  previoufly 
made  red  hot,  was  placed.  Into  this  lafl, 
by  means  of  another  ladle  of  tin-ware,  a  mix- 
ture of  fulphur  and  nitre,  in  due  proportion, 
was  put;  the  aperture  of  the  glafs  veflel  be- 
ing immediately  clofed  with  a  flopper  of 
wood.  The  heat  of  the  iron  ladle  fet  thefe 
fubflances  on  fire ;  the  fulphur  became 
burned  by  the  air  of  the  nitre;  and  when 
the  combuflion  v/as  finiflied,  the  veflel  was 
taken  out,  and  the  vapours  fuffered  to  con- 
denfe.      The  fame  operation  was  made  in 

each 
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each  of  the  glafs  veflels  compofing  the  two 
rows,  fo  that  the  workman,  after  pafling 
through  the  whole  range,  arrived  at  the 
firfl  veiTel,  at  the  time  when  the  vapours 
were  totally  condenfed,  and  the  veffel  con- 
fequently  in  a  flate  to  receive  a  new  portion 
of  the  burning  matter.  When  the  water  was 
fufficiently  charged  with  acid,  it  was  taken 
out,  and  poured  into  glafs  retorts,  and  the 
acid  concentrated,  by  diftilling  off  the  aque- 
ous part,  till  a  bottle,  capable  of  holding  an 
ounce  of  diftilled  water,  would  contain  one 
ounce  {Qven  drachms  and  a  half  of  the  acid. 
Such  was  the  method  of  preparing  oil  of  vi- 
triol in  England,  which  was  very  expenfive, 
on  account  of  the  price  and  brittlenefs  of 
the  large  glafs  veflels.  But  fulphur  has 
been  for  fome  years  burned  for  this  purpofe 
in  iron  grates,  placed  within  large  chambers^ 
lined  on  all  fides  with  lead  ^  the  vitriolic  acid 
being  condudled  by  gutters,  as  it  is  condenf- 
ed, into  a  receiver.  It  is  afterwards  concen- 
trated by  the  action  of  fire.  This  procefs  is 
ufed  in  the  manufactory  of  Javelle,  near 
Paris,  the  eftablifhment  of  which  cannot 
but  be  very  ufeful  to  the  arts.  It  is  proper 
to  obferve,  that  the  oil  of  vitriol  obtained 
by  this  procefs,  always  contains  a  fmall 
portion  of  fulphur  and  vitriolated  tartar, 
together  with  alum  and  vitriol  of  lead ; 
but  the  quantity  of  thefe  fubftances  is 
fo   fmall,    as    to    have    no    fenfible    efFedls 

in 


382  SULPHl/ft. 

in  moft  of  the  ufes  to  which  this  faline  mat* 
ter  is  applied.  It  is,  befides,  very  eafy  to 
purify  it  for  the  nicer  purpofes  of  chemiftry, 
by  diftilling  it  to  drynefs. 

If,  inftead  of  burning  fulphur  with  the 
addition  of  one-eighth  part  of  nitre,  the 
dofe  of  the  latter  be  augmented,  fo  as  to  be 
equal  to  that  of  the  fulphur,  vitriolated  tar- 
tar, formed  by  the  combination  of  the  vi- 
triolic acid  with  the  fixed  bafe  of  the  nitre, 
will  be  obtained,  inftead  of  the  difengaged 
vitriolic  acid.  The  fait  obtained  in  this 
method,  is  called  the  polychreft  fait  of  Glafer. 
It  is  prepared,  by  throwing  a  mixture  of 
equal  parts  of  fulphur  and  nitre,  into  a  red 
hot  crucible ;  the  refidue  is  diffolved  in  wa- 
ter, evaporated  to  a  pellicle,  afterwards  fil- 
tered, and  affx)rds,  by  cooling,  true  vitrio- 
lated tartar,  which  has  been  diftinguiflied 
by  the  name  of  its  inventor,  Glafer;  though 
it  does  not  at  all  differ  from  common  vitrio- 
lated tartar. 

A  mixture  of  fulphur  and  nitre  with  char- 
coal, compofes  gunpowder,  whofe  terrible 
effefts  arife  from  its  great  combuftibility. 
It  is  formed,  for  the  moft  part,  of  nitre, 
wdth  a  much  fmaller  proportion  of  charcoal, 
and  ftill  lefs  of  fulphur.  One  hundred 
pounds  of  gunpowder  of  EfTone,  near  Cor- 
beil,  contain  feventy-five  pounds  of  nitre, 
nine  pounds  and  a  half  of  fulphur,  and  fif- 
teen of  charcoal.  This  mixture  is  tritu- 
rated 
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rated  for  ten  or   twelve  hours,  in  wooden 
mortars,  with  peftles  of  the  fame  fubftance, 
a  very  fmall  quantity  of  water  being  added 
from  time  to  time.     When  almofl  the  whole 
of  the  fluid  is  evaporated,  fo  that  the  powder 
will  not  foil  an  earthen  plate,  it  is  carried 
to  be  granulated.     This  is  effeded,  by  cauf- 
ing  it  to  pafs  through  a  number  of  iieves  of 
fkin,  which  are  moved  backwards  and  for- 
wards in  a  right  line.     The  holes  in  thefe 
fieves  are  of  various  fizes,  down  to   that  of 
cannon  powder.     The  duft,  or  meal  powder, 
is  feparated  from  the  grains  byfifting.    The 
grains  are  then  carried  to  the  drying-houfe, 
which  is  a  fhed  expofed  to  the  fouth,   with 
glafs  windows,  fo  as  to  receive  the  rays  of  the 
fun.     Cannon  powder  receives  no  other  pre- 
paration than  we  have  here  mentioned.   Muf- 
quet  powder  is  glazed,  that  it  may  not  foil 
the  hands.     To  perform  this  operation,  a 
calk,    mounted  on   an   axis,  and  turned   by 
a  water  wheel,    is  half  filled  with  powder. 
The   motion  of  the   calk  excites   continual 
fridtion,   by  which  the  grains  of  the  powder 
are   worn  fmooth.     The   duft    is  feparated 
from  this  glazed  powder  by  a  fieve,  and  the 
grains  are  likewife  feparated  by  another  fieve, 
into  a  finer  and  a  coarfer  fort.     M.  Baume, 
in  conjundion  with  the   Chevalier  D'Arcy, 
has   made  a  very  numerous   fet  of  experi- 
ments  on    the   method  of  preparing   gun- 
powder, on  the  refpeftive  forces  of  this  com- 
pound. 
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pound,  made  with  different  proportions  of 
the  ingredients,  and  on  the  analyfis  of  this 
fubftance.     Out  of  the  many  valuable  cir- 
cumftances  of  information  derived  from  thefe 
experiments,  we  fhall   feledl  the  moil:  im- 
portant, and  fuch  as  have  an  immediate  re- 
ference to  chemical  theory,      i.  Good  pow- 
der  cannot   be   made   without  fulphur,    as 
has  been  propofed   by  feveral  perfons ;  this 
fubftance  being  found  greatly  to  increafe  its 
force.     2.  Every  kind  of  charcoal,  whether 
light  or  heavy,  except  animal  coal,  is  equal- 
ly fit  for  making  gunpowder.     3.  Charcoal 
is  one  of  the  moft  ufeful  ingredients,  a  mix- 
ture of  fulphur  and  nitre  not  producing  an 
efFed  to  be  compared  with  that  of  gunpow- 
der.    4.  The  goodnefs  of  powder  depends 
intirely  on  the  accurate  mixture  and  tritu- 
ration, continued  till  the  powder  rifes  in  the 
form  of  duft  about  the  mortar.     5.  Powder 
has  a  much  greater  effedl  when  fimply  dried, 
than  when  grained.    The  moifture  necefTary 
to  grain  the  powder,  caufes  the  nitre  to  fe- 
parate,    by  cryftallization,    from  the  other 
fubftances ;  £0  that  it  may  be  obferved,  by  a 
magnifier,   in  the  internal  part  of  grains  of 
powder,  cut  in  two.     6.  Glazed,  or  muf- 
quet  powder,  is  lefs  ftrong  than  unglazed 
powder,  becaufc  the  particles  of  the  former 
are  clofer  together,  and  confequently  lefs  in- 
flammable.    As  to  the  analyfis  of  gunpow- 
der, M,  Baume  performs  it  in  a  very  fimple 

manner; 
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manner:  his  procefs  confifts  in  wafliing  the 
gunpowder,  well  pulverized,  with  diftilled 
water,  and  evaporating  the  water,  which  of 
courfe  affords  the  nitre  in  cryftals  j  the  re- 
fidue  contains  the  fulphur  and  charcoal. 
Sublimation  does  not  completely  feparate 
the  former,  becaufe  it  appears  to  be  partly 
more  fixed  by  the  charcoal.  M.  Beau- 
me,  to  feparate  them,  burned  the  fulphur 
by  heat  not  fufficient  to  burn  the  char- 
coal. The  latter,  however,  always  retains 
a  fmall  quantity  of  fulphur,  fince,  accord- 
ing to  the  obfervation  of  that  chemift,  it 
emits  a  fulphureous  fmell  till  it  is  intirely 
reduced  to  aflies.  He  eftimates  the  fulphur, 
retained  by  the  charcoal,  at  one  twenty- 
fourth  of  its  weight.  Gunpowder  may  like- 
wife  be  deprived  of  its  fulphur,  by  expofing 
it  intire,  and  without  previous  waftiing,  to 
the  aftion  of  a  gentle  heat,  as  Mr.  Robins, 
in  his  Treatife  on  Gunnery,  written  in  the 
Englifli  language,  has  obferved.  The  per- 
fons  who  ileal  game  have  been  long  in  the 
habit  of  defulphurating  gunpowder,  by  ex- 
pofing it  in  a  tin  difh  to  the  heat  of  a  bed  of 
aflies.  They  are  perfuaded,  that  the  powder, 
in  this  ftate,  impells  the  fliot  to  a  much 
greater  difl:ance,  and  does  not  foil  the  piece 
fo  much. 

Chemiflis  and  philofophers  have  main- 
tained various  opinions  refpedling  the  vio- 
lent effects  of  gunpowder;  fome  have  attri- 
buted them  to  water,  reduced  into  vapour. 

Vol.  II,  B  b  and 
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and  others  to  the  fudden  dilation  of  air* 
M.  Baume  fuppofed  them  to  arife  from  a 
nitrous  fulphur,  formed  in  the  inflant  of 
combuftion.  For  our  part,  we  think  this 
phenomenon  may  be  very  readily  explained, 
by  the  application  of  the  modern  improve- 
ments in  chemiftry.  To  render  our  theory 
more  perfpicuous,  it  muft  firft  be  obferved, 
that  all  the  phenomena,  which  attend  the  in- 
flammation of  gunpowder,  depend  intirely 
on  its  great  combuflibility.  The  intimate 
mixture,  which  has  fo  great  an  influence  on 
the  force  of  gunpowder,  as  M.  Baume's 
valuable  experiments  have  fhewn,  is  the 
only  caufe  of  its  efFeds.  The  nitre  is  equal- 
ly difperfed  among  all  the  particles  of  very 
combuftible  matter  :  as  its  quantity  is  much 
the  greateft,  each  particle  of  fulphur  and 
charcoal  is  furrounded,  and,  as  it  were,  co- 
vered with  nitre.  A  much  greater  quantity 
of  vital  air,  than  is  neceffary  for  the  complete 
combuftion,  will  be  produced;  it  being  well 
afcertained,  that  nitre  affords  that  fluid  in 
great  quantities,  by  the  application  of  heat. 
The  fame  thing  happens  in  this  combuftion, 
as  is  obferved,  when  a  combuftible  body  is 
plunged  in  a  veflel  filled  with  vital  air; 
that  is  to  fay,  it  is  burned  with  great  viva- 
city, and  in  much  lefs  time  than  in  the 
common  atmofpheric  air.  It  follows,  there- 
fore, that  the  lulphur  and  the  charcoal  muft 
be  burned  in  an  inftant,  becaufe  they  are 
really  plunged  in  an  atmofphere  of  vital  air. 
Hence,  the  rapid  inflammation  of  powder, 

its 
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its  taking  place  in  dofe  veflels,  and  the  ter- 
rible force  with  which  it  explodes  and  drives 
every  obftacle  before  it,  may  be  eafily  con- 
ceived. 

The  ciFeds  of  this  mixture  of  nitre,  ful- 
phur,  and  coal,  are  nothing,  in  comparifoa 
with  thofe  of  another  preparation,  called 
fulminating  powder.  This  is  made,  by  tri- 
turating, in  a  hot  marble  mortar,  with .  a 
wooden  peflle,  three  ounces  of  nitre,  two  oun- 
ces of  very  dry  fixed  fait  of  tartar  or  cretaceous 
tartar,  and  one  ounce  of  flowers  of  fulphur, 
till  the  whole  is  very  accurately  mixed.  If  a 
drachm  of  this  powder  be  expofed  to  a  gentle 
heat,  in  an  iron  ladle,  it  melts,  and  foon  after 
produces  a  detonation  as  loud  as  the  report 
of  a  cannon.  This  phenomenon,  which  is 
fo  much  the  more  aftonifhing,  becaufe  its 
effeft  is  produced  without  inclofing  the 
powder  in  any  inflrument,  as  is  done  with 
gunpowder,  may  be  explained,  by  obferv- 
ing,  I .  That  it  does  not  fucceed,  but  by 
gradually  heating  the  mixture,  fo  as  to  melt 
it.  2.  That  if  fulminating  powder  be  thrown 
on  ignited  charcoal,  it  only  detonates,  like 
nitre,  but  with  very  little  noife.  3 .  That  a  mix- 
ture of  liver  of  fulphur  with  nitre,  in  the 
proportion  of  one  part  of  the  former,  and 
two  of  the  latter,  fulminates  with  more  ra- 
pidity, and  produces  as  loud  a  report,  as 
the  compofition  of  fulphur,  nitre,  and  al- 
kali :  hence  it  appears,  that  when  fulmi- 
nating powder  is  heated,  liver  of  fulphur  is 
B  b  2  formed 
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formed  before  the  detonation  takes  places 
and  this  fad  is  fufficient  to  explain  the  whole 
appearance.  When  cryftallized  nitre,  and 
liver  of  fulphur,  are  expofed  to  the  adtion 
of  heat,  inflammable  or  hepatic  gas  is  dif- 
engaged  from  the  latter,  while  the  fait  gives 
out  vital  air.  Now  thefe  two,  which  to- 
gether are  capable  of  producing  a  ftrong  in- 
flammation, as  we  have  obferved  in  the  hif- 
tory  of  inflammable  gas,  are  fet  on  fire  by  a 
portion  of  the  fulphur.  But  as  the  thick 
fluid  they  are  obliged  to  pafs  through  prefents 
a  confiderable  obfliacle,  and  as  the  whole 
takes  fire  at  the  fame  inftant,  they  fl:rike  the 
air  with  fuch  rapidity,  that  it  refifl:s  in  the 
fame  manner  as  the  chamber  of  a  mufquet 
refifl:s  the  expanfion  of  gunpowder.  A  proof 
of  this  is  obfervable  in  the  efl^edt  the  fulmi- 
nating powder  has  on  the  ladle  in  which  it 
explodes.  The  bottom  of  this  vefl!el  is 
bulged  outwards,  and  the  fides  bent  inwards, 
in  the  fame  manner  as  if  it  had  been  a(fled 
on  by  a  force  diredled  perpendicularly  down- 
wards, and  laterally  inwards, 

Laftly,  we  fhall  in  this  place  confider, 
that  mixture  of  nitre  and  fulphur,  which  is 
called  powder  of  fufion.  It  confifl:s  of  three 
parts  of  nitre,  one  of  fulphur,  and  one  of 
faw-duft.  A  fmall  quantity  of  this  powder 
is  put  into  a  nut-fhell,  with  a  fmall  piece  of 
copper  money  rolled  up ;  the  piece  is  co- 
vered with  the  fame  powder,  which  being 

fet 
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fct  on  fire,  burns  rapidly,  and  melts  the 
coin,  without  burning  the  fhell,  which  is 
only  blacked.  It  is  neceflary,  however,  to 
plunge  the  whole  in  water  as  foon  as  the 
powder  has  ceafed  to  burn.  This  experi- 
ment proves,  in  faft,  that  the  powder  is  an 
effedual  flux.  But  as  the  prefent  appear- 
ance depends,  in  a  great  meafure,  on  the 
adion  of  the  fulphur  on  the  metal,  we  fliall 
again  mention  this  fadl  in  the  hiftory  of  me- 
tallic fubftances. 

Marine  and  fparry  neutral  falts,  and  the 
diflf^erent  fpecies  of  borax,  have  no  aftion  on 
fulphur.  We  have  feen,  that  cretaceous  al- 
kaline falts  unite  with  that  fubftance,  and 
render  it  foluble  in  water,  by  forming  the 
alkaline  hepars,  which  are  not  cauftic. 

Inflammable  gas  does  not  aft,  in  any  {^n- 
fible  manner,  on  fulphur.  It  is  proper  to 
obferve,  that  it  was  very  natural  for  che- 
mifl:s  to  confider  thefe  fubfl:ances,  as  having 
a  ftrong  analogy  with  each  other.  For  it 
is  certain  that  the  vitriolic  acid,  in  its  com^ 
bination  with  combuftible  bodies,  affords  in- 
flammable gas,  when  it  is  diluted  with  water, 
and  fulphur,  when  it  is  concentrated.  In  all 
places  where  inflammable  gas  is  produced,  as 
for  example,  where  large  quantities  of  animal 
matters  putrify,  fulphur  is  likevyife  formed  ^ 
and  the  latter,  combined  with  alkaline  fub, 
fiances,  appeared  to  become  changed  into  in- 
flammable or  hepatic  gas,  Lafl:ly,  inflammable 
B  b  3  gas 
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gas  alone  adls  on  a  great  number  of  bodies, 
nearly  in  the  fame  manner  as  fnlphur.  It 
might  therefore  have  been  rationally  conclud- 
ed, that  there  is  a  fort  of  identity  in  thefe  two 
bodies,  if  it  were  not  at  prefent  known,  that 
inflammable  gas  is  almoft  always  produced 
by  the  decompoiition  of  water,  and  that  ful- 
phur  does  not  enter  into  that  fluid. 

Sulphur  is  capable  of  combining  with 
many  other  fubftances ;  but  as  thofe  fub- 
ftances  have  not  yet  been  treated  of,  we 
fhall  poftpone  the  confideration  of  their  pro- 
perties to  the  enfuing  part  of  this  work. 

Sulphur  is  an  excellent  remedy  in  pitui- 
tons  diforders  of  the  lungs,  and  efpecially 
in  cutaneous  diforders.  It  is  very  fuccefT- 
fully  employed  in  the  humid  aflhma,  and  in 
icorbutic  eruptions.  It  is  adminiftered  in 
the  form  of  flowers  of  fulphur,  or  in  lozen- 
ges prepared  with  fugar.  An  ointment  is 
made  with  fat  fubftances,  with  which  cu- 
taneous eruptions  are  rubbed.  Liver  of  ful- 
phur has  been  propofed  in  obftrudions, 
numbnefs,  palfies,  foulnefl"es  of  the  fkin, 
&c.  Though  fome  phyficians  have  fuppofed 
that  fulphur  is  not  foluble  in  the  animal 
fluids,  it  is  neverthelefs  certain,  that  it  pene- 
trates to  the  extremities  of  the  minuteft  vef- 
fels,  fince  the  perfpiration,  the  urine,  and  the 
faliva,  of  fuch  as  ufe  it,  are  manifeftly  im- 
pregnated.. The  hepatic  gas,  diflx)lved  in 
mineral  waters,  as  in  thofe  of  Cauterez,  Aix 

la 
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la  Chapelle,  Bereges,  and  Enghien,  commu- 
nicates to  them  difcuffive  properties,  of  great 
fervice  in  diforders  of  the  fkin,  the  lungs, 
the  joints,  palfies,  &c. 

Sulphur  is  not  lefs  ufeful  in  the  arts.  We 
have  feen  its  utility  in  making  gunpowder 
and  fire-works.  It  is  ufed  to  take  fine  im- 
preffions  of  engraved  ftones,  to  make  matches, 
to  bleach  filks,  and  to  deftroy  certain  co- 
lours ;  to  impede  or  ftop  the  progrefs  offer- 
mentation  in  wines,  &c.  It  has  been  pro- 
pofedto  be  ufed  in  fixing  iron  in  ftones,  &:c. 


CHAP.       V. 

Genus  IV.     Plumbago. 

T)  LUMBAGO  was  not  known  as  a  pe- 
•*-  culiar  combuftible  matter,  different  from 
molybdena,  till  the  experiments  of  Scheele 
were  publiflied,  in  the  Memoirs  of  the  Aca- 
demy of  Stockholm  for  the  year  1779  :  be- 
fore the  time  of  this  celebrated  chemift,  it 
was  confounded  with  molybdena.  Pott  is 
one  of  the  firft  who  proved,  that  neither  of 
thefe  fubftances,  which  by  Pliny  and  Dio- 
fcorides  are  confounded  with  le^d  ores,  do 
contain  that  metal. 

B  b  4  The 
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The  many  names  by  which  plumbago  and 
molybdena  have  been  diftinguifhed,  ferve  to 
increafe,  or  at  leaft  to  perpetuate,  thefe  er- 
rors. Both,  without  diftindion,  were  calU 
ed  lead  ore,  Englifti  crayon,  plomb  de  mer, 
black  cerufe,  mica  of  the  painters,  crayon 
of  lead,  falfe  galena,  talc- blende,  potelot ; 
this  laft  name  has  been  adopted  by  Mr, 
Daubenton,  to  denote  molybdena,  and  dif- 
tinguiih  it  from  plumbago,  which  he  calls 
black  crayon. 

Plumbago  is  found  in  mountains,  often 
between  beds  of  quartz,  felt  fpar,  clay,  or 
calcareous  earth,  in  the  form  of  roundifli  ir- 
regular pieces,  of  different  magnitudes ;  the 
largeft  of  which  weigh  from  eight,  to  ten  or 
eleven  pounds :  it  is  likewife  found  diffemi- 
nated  in  much  fmaller  fragments,  and  fome- 
times  even  in  beds  or  ftrata.  The  inhi  .!»itants 
of  Bleoux,  a  village  near  Curvan,  in  Upper 
Provence,  find  plumbago  in  ftrata,  four  feet 
thick,  between  two  ftrata  of  clay.  This  is 
fold  at  Marfeilles.  Mr,  De  la  Peyroufe 
reckons  plumbago  among  the  minerals  of 
the  Pyrenean  mountains.  It  is  likewife  found 
in  Spain  and  Germany;  and  alfo  in  the 
county  of  Cumberland,  in  England,  where 
it  is  made  into  pencils,  which  are  highly 
efteemed.  North  America,  and  the  Cape  of 
Good  Hope,  likewife  afford  fome  fpeci- 
mens. 

Plumbago  is  of  a  ihining  blue  black,  of  ^ 

greafy 
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greafy  feel,  and  tuberculated  fradurc;  where- 
as the  fradure  of  molybdena  is  lamellated. 
Its  undtuous  and  faponaceous  quality,  caufed 
fome  naturalifts  to  confider  it  as  a  fpecies  of 
impure  clay.  It  foils  the  hands,  and  makes 
a  black  trace  on  paper,  which  is  very  well 
known  to  every  one. 

Plumbago  is  not  altered  in  clofe  veffels. 
Mr.  Pelletier,  who  has  made  experimental 
inquiries  on  this  fubftance,  which  confirm 
the  refults  of  Mr.  Scheele,  expofed  200 
grains  in  a  porcelain  crucible,  accurately 
clofed,  to  the  heat  of  the  furnace  of  the  ma- 
nufactory of  Seve. .  The  lofs  was  no  more 
than  10  grains.  But  when  it  is  heated  with 
contaft  of  air,  it  becomes  calcined,  without 
leaving  fcarcely  any  refidue.  Meflrs.  Quift, 
Gahn,  and  Hielm,  obferved,  that  100  grains, 
treated  in  this  manner,  in  a  muffle,  left  only 
10  grains  of  ferruginous  earth.  This  cal- 
cination is  a  flow  combuftion,  not  eafily  per- 
formed. It  does  not  fucceed  in  a  common 
crucible:  a  thin  layer  of  plumbago  muft  be 
expofed,  in  a  lliallow  veiTel,  to  the  adlion  of 
a  ftrong  fire,  and  the  furfaces  mufl  be  often 
renewed,  by  ftirring  the  matter. 

Air,  water,  and  earthy  fubfl:ances,  have 
no  adtion  on  plumbago. 

Alkalis  adt  ilrongly  on  this  fubftance.  If 
one  part  of  plumbago,  with  two  parts  of 
dry  cauftic  fixed  alkali,  or  lapis  caufticus,  be 
expofed  to  h^at  in  a  retort,  with  the  pneu,. 

mato- 
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mato-chemical  apparatus,  the  fmall  quan- 
tity of  water  contained  in  the  fait  is  fuffi- 
cient  to  favour  the  combuftion  :  inflamma- 
ble gas  is  obtained,  the  alkali  is  charged 
with  cretaceous  acid,  and  the  plumbago  is 
found  to  have  difappeared.  This  experi- 
ment, as  well  as  the  detonation  with  nitre, 
hereafter  to  be  mentioned,  caufed  Mr. 
Scheele  to  conclude,  that  this  matter  is  a 
kind  of  fulphur,  compofed  of  the  cretaceous 
acid  and  phlogifton.  This  theory  (hall  be 
difcuffed,  after  we  have  examined  the  other 
phenomena,  exhibited  by  this  combuflible 
body  with  acids  and  neutral  falts. 

The  vitriolic  acid  has  no  acSion  on  plum- 
bago, according  to  Scheele.  Mr.  Pelletier 
has  obferved,  that  loo  grains  of  plumbago, 
and  four  ounces  of  oil  of  vitriol,  being  di- 
gefted  for  feveral  months  in  the  cold,  the 
acid  acquired  a  green  colour,  and  the  pro- 
perty of  congealing,  by  a  very  flight  degree 
of  cold.  This  acid,  difl:illed  from  plum- 
bago, pafl^es  to  the  fulphureous  fl:ate,  by 
burning  part  of  that  fubflance. 

The  nitrous  acid  has  no  effed:  whatfoever 
on  plumbago.  The  marine  acid  difl^blves 
the  clay  and  the  iron,  and  ferves  to  purify 
it,  according  to  Bertholet.  Mr.  Pelletier 
ufed  the  fame  procefs,  in  order  to  obtain 
plumbago  in  a  ftate  of  purity.  As  to  the 
clay,  which  the  marine  acid  takes  from 
plumbago,  Mr.  Scheele  obferves,  that  that 

which 
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which  he  obtained  in  his  analyfis,  came 
from  the  crucible  in  which  he  had  before 
treated  that  fubftance. 

Plumbago,  fufed  with  four  parts  of  vi- 
triolated  tartar,  and  of  vitriol  of  foda,  pro- 
duces a  liver  of  fulphur,  and  is  intirely  de- 
compofed. 

Nitre  detonates  by  the  addition  of  this 
mineral,  ten  parts  of  the  fait  being  neceffary 
for  the  complete  combuftion  of  one  part  of 
plumbago.  The  fixed  alkali,  which  remains 
after  this  operation,  effervefces  ftrongly  with 
acids,  and  contains  a  fmall  quantity  of  mar- 
tial ochre.  The  fame  efi:ed:  follows,  when 
rhomboidal  nitre,  or  ammoniacal  nitre,  is 
ufed.  Mr.  Pelletier  has  oblerved,  that  in 
this  laft  operation,  the  volatile  alkali  is  dif- 
engaged,  in  combination  with  a  portion  of 
the  cretaceous  acid. 

Plumbago  does  not  aft  on  the  muriate  of 
pot-afh,  nor  on  the  muriate  of  foda. 

Whendiftilled  with  fal  ammoniac,  it  affords 
martial  ammoniacal  flowers;  heated  with  ful- 
phur in  a  retort,  the  fulphur  fublimes  alone, 
without  aifedting  the  plumbago  in  the  leail:. 

All  thefe  fads  prove,  that  plumbago  is  a 
peculiar  combuftible  matter ;  but  the  theory 
of  Scheele,  who  confiders  it  as  a  combina- 
tion of  the  cretaceous  acid  and  phlogifton, 
cannot  be  faid  to  be  proved;  i.  Becaufe 
that  chemift  did  not  afcertain  the  quan- 
tity of  acid  produced.    2.  Becaufe  he  has  not 

artificially 
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artificially  produced  plumbago,  by  combin- 
ing the  cretaceous  acid  with  a  combuftible 
fubftance.  Moreover,  the  two  fubftances, 
by  the  addition  of  which  Mr.  Scheele  chang- 
ed plumbago  into  cretaceous  acid,  appear  to 
cffeft  this  converfion,  by  affording  vital  air, 
which,  combining  with  the  inflammable 
matter  of  that  fubftance,  produces  the  cre- 
taceous acid  by  the  fixation  of  the  oxyginous 
principle ;  for  fuch  is  the  procefs  by  which 
the  nitrous  acid  converts  tungften,  arfenic, 
and  fugar,  into  acids.  The  cauftic  fixed  al- 
kali likewife  converts  plumbago  into  creta- 
ceous acid,  moft  probably  in  confequence  of 
the  water  that  alkali  always  contains,  and 
which  burns  the  combuftible  matter,  as  it 
does  iron  and  zink.  This  opinion  is  con- 
firmed, by  the  inflammable  gas  obtained 
during  the  reciprocal  adlion  of  the  alkali  and 
the  plumbago  ;  and  it  might  be  ftill  more 
confirmed,  by  pafling  the  vapour  of  water 
over  plumbago,  made  red  hot  in  a  tube  of 
copper,  in  the  fame  manner  as  the  experi- 
ment is  made  with  iron  and  zink.  And 
though  this  has  not  yet  been  tried,  I  think 
I  may  venture  to  predid,  that  all  the  plum- 
bago would  be  deftroyed,  and  converted  into 
cretaceous  acid ;  and  that  the  product  of  this 
operation  would  confift  of  inflammable  gas, 
mixed  with  a  large  quantity  of  cretaceous 
acid,  formed  by  combination  of  the  oxygi- 
nous principle  of  the  water  with  the  plum- 
bago. 
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bago.  It  would  therefore  feem  natural  to 
conclude,  that  the  cretaceous  acid  is  a  com- 
pound of  plumbago  and  the  oxyginous  prin- 
ciple. But  as  we  know,  by  many  other  ex- 
periments, that  this  acid  is  very  abundantly 
produced  by  combining  charcoal  with  pure 
air,  it  follows,  that  there  is  a  very  ftrong 
analogy  between  charcoal  and  plumbago :  a 
few  leading  circumftances  will  fliew  this 
more  evidently. 

The  charcoal  of  many  vegetable  matters 
IS   brilliant,  and  of  a  metallic  afpeft,  like 
plumbago ;  foils  the  hands,  and  leaves  traces 
on   paper;    is   brittle,  and  of  a  granulated 
frafture.     The  mofl  brilliant  charcoals,  fuch 
as  thofe  of  certain  animal  fubftances,  are  as 
difficult   to   burn  as  plumbago,    which  re- 
quires to  be  frequently  ftirred,  at  the  fame 
time  that  it  is  expofed  to  a  ftrong  heat,  with 
contadl  of  air  :  both  contain  iron  ;  and,  laft- 
ly,  both  are  fufceptible  of  being  changed  into 
cretaceous  acid  by  combuftion.  May  we  not 
from  hence  conlider  plumbago,  as  charcoal 
formed  in  the  interior  part  of  the  globe,  or 
buried  in  the  earth  ?  May  we  not  even  fup- 
pofe,  that  this  matter  is  formed  by  the  com- 
bination of  certain  mineral  principles,  though 
almoft  all  chemifts  have  concluded,  that  or- 
ganic bodies  only  are  convertible  into  char- 
coal ?  Thefe  ideas  rriay  be  confirmed,  or  de- 
ftroyed,  by  a  connected  inquiry  into  the  ftate 
of  plumbago  in  nature,  the  circumftances  of 

its 
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and  its  formation,  the  changes  to  which  it  iss 
fubjedted.  Plumbago  is  of  confiderable  ufe. 
Pencils  are  made  of  it ;  the  beft  come  from 
England.  The  Englifh  black  lead  comes 
from  Kefwick,  in  the  county  of  Cu^nber- 
land.  It  is  cut  into  thin  plates,  the  edge 
of  which  being  fitted  into  a  groove,  in  a 
femi-cylinder  of  wood,  it  is  then  fawed  off, 
fo  as  to  leave  the  cavity  intirely  filled.  The 
mineral  is  retained  in  its  place,  by  the  other 
half  of  the  cylinder,  which  is  glued  on.  The 
powder  of  plumbago  ferves  to  make  pencils 
of  an  inferior  quality;  great  numbers  of 
which  are  fold  in  Paris.  It  is  either  mixed 
with  gum-water,  or  fufed  with  fulphur. 
Thefe  inferior  pencils  are  known,  either  by 
their  taking  fire  at  the  flame  of  a  candle,  or 
their  falling  into  powder,  by  moiftening  in 
water.  German  plumbago  is  likewife  ufed 
to  make  pencils,  with  the  addition  of  vari- 
ous foreign  fubftances,  fuch  as  charcoal, 
fulphur,  &c. 

The  very  fine  powder  of  plumbago  is  ufed 
in  England  inftead  of  greafe,  to  facilitate 
the  motion  of  the  axes  of  certain  rnechanical 
inftruments,  which  it  effeds  by  its  undtuous 
quality. 

One  of  the  principal  ufes  of  plumbago,  is 
to  cover  iron  which  is  to  be  defended  from 
ruft.  The  pipes  of  ftoves,  chimney-plates, 
and  other  utenfils,  expofed  to  the  ad:ion  of 
fire  and  air,  are  covered  with  plumbago,  ap- 
plied 
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plied  to  their  furface  by  fimple  fridion  with 
with  a  brufh.  Homberg,  in  the  year  1699, 
defcribed  a  procefs  for  giving  a  leaden  colour 
to  iron  utenfils.  It  confifts  in  mixing  eight 
pounds  of  lard,  melted  with  four  ounces  of 
camphire,  together  with  a  fufficient  quan- 
tity of  plumbago ;  the  iron  is  to  be  fmeared 
with  this  compofition,  when  it  is  almofl  too 
hot  to  retain  it,  and  muft  be  rubbed  with  a 
cloth  when  cold. 

The  makers  of  fmall  fhot  polifli  and 
blacken  its  furface,  by  agitating  or  rolling  it 
in  a  cafk,  with  powder  of  plumbago.  This 
mineral  likewife  enters  into  the  compofition 
for  razor  ftraps.  Laftly,  it  is  an  ingredient 
in  certain  black  pottery,  and  in  crucibles 
made  at  Pafl^aw  in  Saxony.  Mr.  Pelletier, 
who  has  well  defcribed  the  feveral  ufes  of 
plumbago,  prepares  a  lute  or  coating,  after 
Pott,  confifting  of  one  part  of  plumbago, 
three  of  common  clay,  and  a  fmall  quantity 
of  cow  dung,  chopped  very  fmall.  This 
coating  fupports  glafs  retorts  fo  well,  that 
they  fometimes  may  be  even  melted  without 
producing  any  change  in  its  form. 


CHAP, 
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CHAP.       VI. 

Genus  V,      Metallic  Substances  ih 

GENERAL, 

TMTETALLIC  fubftances  conftitute  an 
^^^  order  of  bQ^ies,  of  the  greateft  im- 
portance and  utility  in  the  different  purpofes 
of  ordinary  life,  as  well  as  in  chemiflry  and 
medicine.  They  eifentially  diifer  from  earthy 
and  faline  matters,  by  their  phyfical  charac- 
ters, and  their  chemical  properties. 

Before  we  proceed  to  the  examination  of 
each  particular  metallic  fubftance,  it  will 
be  proper  to  confider  them  in  general.  We 
jfhall  do  this  in  order,  under  feveral  heads ; 
namely,  i .  We  fhall  fpeak  of  their  phyfical 
properties.  2.  Their  natural  hiftory,  3.  The 
art  of  afcertaining  their  nature  and  quantity, 
which  is  ufually  called  the  docimaftic  art, 
or  art  of  aflaying.  4.  The  art  of  working 
metals  in  the  large  way,  or  metallurgy.  5. 
Their  chemiciil  properties.  6.  The  method 
of  diftinguifhing  them  from  each  other,  and 
the  divifions  which  it  is  neceffary  to  eftablilh 
among  them. 

§  I.    Concerning  the  phyfical  properties 
of  metallic  fubftances. 

Metallic 
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Metallic  fubftances  are  abfolutely  opake; 
a  circumflance  in  which  they  differ  greatly 
from  ftony  fubftances  :  for  the  moft  opake 
ilone,  being  divided  into  thin  portions,  has 
a  fort  of  tranfparency  ;  whereas  the  thinneft: 
plate  of  metal,  is  as  perfedtly  opake  as  the 
moft  folid  piece.*  The  opacity  of  metallic 
fubftances,  renders  them  exceedingly  proper 
to  refledt  the  rays  of  light,  no  bodies  poflefT- 
ing  this  property  in  fo  eminent  a  degree. 
Thus  we  obferve,  that  looking-glaffes  do 
not  ftrongly  refledt  the  fpecies  of  objedls, 
unlefs  they  be  coated  with  metal.  The  me- 
tallic brilliancy  arifes  from  the  fame  pro- 
perty, and  is  always  greater,  in  proportion 
as  the  denfity  and  hardnefs  of  the  metal  per- 
mits it  to  take  a  finer  polifli.  White  metallic 
fubftances  refleft  a  greater  quantity  of  light, 
and  are  more  brilliant  than  thofe  which  are 
coloured. 

Metallic  fubftances  have  a  much  greater 
fpecific  gravity  than  all  other  bodies.  A 
cubic  foot  of  marble  weighs  only  252 
pounds ;  a  cubic  foot  of  tin,  which  is  the 
lighteft  of  metals,  weighs  516  pounds;  and 

*  This  has  not  been  well  inquired  into.  Gold  in  leaf, 
which  is  about  the  tsc'occ  of  an  inch  in  thicknefs,  tranf- 
mits  light  of  a  lively  green  colour,  and  is  tranfparent. 
Silver  leaf,  which  is  about  the  t?  o*-oo  of  ^n  inch  thick,  is 
perfectly  opake ;  and  fo  likewife  is  leaf  brafs,  or  Dutch 
gold,  whofe  thicknefs  is  -go^oc  of  an  inch.  Other  metals 
have  not  been  extended  in  this  way,  and  v/hether  any  of 
them  are  capable  of  it  in  any  confiderable  degree,  is  not 
known.     T. 

Vol.  II.  C  c  a  cubic 
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a  cubic  foot  of  gold  weighs  1326  pounds. 
This  exceffive  weight,  fo  much  beyond  that 
of  other  earthy  fubilances,  doubtlefs  depends 
on  their  great  denfity,  to  which  their  per- 
fedt  opacity  and  brilliancy  are  likewife  owing. 
Moft  metaMic  fubftances  may  be  extended, 
by  repeated  percuffion,  or  ftrong  preiTure. 
This   property,    peculiar    to   metallic  mat- 
ters,   and    which  for  that    reafon   we  have 
not  had  occafion  to  notice  in  any  of  the  fub- 
Uances   we   have  yet  examined,    is  termed 
dudlility.     We  think  it  ought  to  be  diflin- 
guiflied  into  two  kinds ;  the  one,  dudility 
under  the  hammer,   or  malleability,  confifts 
in  the  property  of  being  extended  into  thin 
plates,  without  cracking ;  lead  and  tin  pof- 
fefs  this  kind  of  duftility  only :  the  other 
confifts  in  the   fucceffive,    and   almoft  ex- 
treme lengthening  of  certain  metallic  matters 
into  wire.     This  duftility,  which  is  emi- 
nently obfervable  in  iron,  copper,  and  gold,  is 
likewife  called  tenacity.     It  is  of  much  more 
confequence   to  make  a   proper  diftinftion 
between  thefe  two  forts  of  dud:ility,   becaufe 
they  appear  to  be  really  very  different  from 
each  other.     Metallic  fubftances,  which  are 
very  malleable,  have  often  fcarcely  any  tena- 
city ;  and  many  of  thofe  which  are  very  duc- 
tile, when  in  the  hand  of  the  wire-draw- 
er, are   not  very   malleable.     The  tenacity 
of  metals   is  very  accurately   exprefTed,   by 
the  quantity  of  weight  a  metallic  wire,  of  a 
known  diameter,    is    capable  of  fuftaining 

without 
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without  breaking  :  both  thefe  properties  ap- 
pear to  depend  on  the  peculiar  form  of  the 
integrant  parts  of  each  metal.  Metals,  which 
are  extended  into  thin  plates  by  percuffion, 
feem  to  be  formed  of  fmall  lanrinas,  which, 
when  compreffed.  Aide  on  each  other,  and 
are  increafed  in  breadth,  in  proportion  as 
their  thicknefs  is  diminifhed ;  while  fuch 
as  are  capable  of  being  drawn  into  fine  wire, 
have  a  kind  of  fibrous  texture,  whofe  fila- 
ments are  caufed  to  approach  each  other, 
and  become  lengthened,  by  the  ftrong  pref- 
fure  they  fuiFer  in  the  drawing.  The  duc- 
tility of  metals  is  limited.  It  is  obferved, 
that  when  a  metal,  even  of  the  moft  duftile 
kind,  has  received  feveral  ftrokes  of  the 
hammer,  it  becomes  hard,  and  cracks,  in- 
ftead  of  extending ;  it  is  then  faid  to  be 
hammer-hardened  :  a  metal  in  this  ftate,  re- 
covers its  former  dudlility,  by  being  heated, 
and  gradually  cooled.  The  parts  feem  to 
extend  under  the  hammer,  only  while  the 
fpace  between  each  particle  is  fuch,  that 
they  may  yield  before  the  hammer.  It  may 
eafily  be  conceived,  that  thefe  parts,  being 
once  brought  futnciently  near  each  other  to 
leave  fcarcely  any  interval,  can  no  longer 
yield  or  efcape  before  the  ftroke  of  the  ham- 
mer; and  in  that  cafe,  the  impulfe  will  be 
exerted  in  deftroying  the  texture,  or  break- 
ing the  metal.  Heat,  by  dilating,  caufes 
the  parts  to  feparate,  and  produces  new 
C  c  2  fpaces 
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fpaces'  between  them,  which  confequently 
allow  of  their  being  again  brought  together, 
by  reiterated  flrokes. 

As  dudlility  is  a  property  of  certain  me- 
tallic fubftahces  only,  chemifts  and  natu- 
ralifts  have  availed  themfelves  of  it  as  a  dif- 
tindtive  charadier.  Thev  call  thofe  which 
have  the  metallic  weight  and  brilliancy,  to* 
gether  with  dudtility,  metals  \  and  thofe 
which,  with  the  metallic  appearance,  are 
not  dud:ile,  they  call  femi- metals.  But  this 
diftindlion,  though  confiderably  accurate,  is 
notfufficient  to  feparate  all  metallic  matters 
into  twoclafies,  fince  the  difference  between 
the  extreme  ductility  of  gold,  and  the  Angu- 
lar brittlenefs  of  arfenic,  is  connedle.d  by 
infeniible  degrees  in  the  other  metals  ^  there 
being  perhaps  a  greater  difference,  in  this 
refped:,  between  gold  and  lead,  which  are 
reckoned  metals,  than  between  lead  and 
zink;  the  latter  of  which  is  reckoned  among 
the  femi-metals,  or  between  zink  and  arfenic : 
the  difference  between  one  body  and  another 
being  almoft  imperceptible. 

Metals,  confidered  with  refped:  to  their 
duftility,  may  be  arranged  in  the  following 
order.  Gold  is  the  moft  malleable,  and  is 
fucceeded,  in  order,  by  filver,  copper,  iron, 
tin,  and  lead.  The  femi-metals  have  been 
confidered  as  poffeffing  no  dudility.  We 
fhall,  however,  fee,  that  this  property  ex- 
ifls,  in  a  certain  degree,  in  zink  and  mer- 
cury. 
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cury.  As  to  tenacity,  gold  poflefles  it  in 
the  higheft  degree,  and  is  fucceeded  by  iron, 
copper,  lilver,  tin,  and  lead..  r-The  tenacity 
of  platina  is  not  well  knowrk:-^>  V-  - 

Metallic  fubftances  are  fafceptlble  of 
a  regular  figure,  either  naturally,  or  by 
art.  Naturalifts  have  long  acknowledged 
this  property  in  native  biimuth,  virgin  fil- 
ver,  and  fome  other  metals.  The  alchemifts 
have  carefully  obferved  the  ramified,  or  llel- 
lated  figures,  which  are  formed  at  the  fur- 
face  of  regulus  of  antimony  and  bifmuth. 
Mr.  Baume,  in  his  chemiftry,  affirms,  that 
metallic  matters,  after  being  well  fufed,  af- 
fume  a  fvmmetrical  arrangement,  by  gradual 
cooling,  &c.  The  Abbe  Mongez,  regular 
canon  of  St.  Genevieve,  has  made  a  conti- 
nued feries  of  experiments  on  the  cryftal- 
lization  of  all  metallic  fubrtances.  Mr. 
Brongniart,  lecturer  of  chemiftry,  at  the 
king's  garden,  has  likewife  made  experiments 
relative  to  this  inquiry,  which  have  been  re- 
peated by  many  chemifts.  The  general  re- 
fult  is,  that  all  metals  are  capable  of  cryf- 
tallizing,  and  that  though  many  of  them 
apparently  differ,  yet  the  greateft  number 
prefents  the  fame  ocftahedral  form,  with  fome 
modifications. 

Certain  metallic  matters  have  a   fenfible 
tafte   and  fmell,    as  lead,  copper,   iron,    re- 
gulus of  arfenic,  and  regulus  of  antimony. 
Xhefe  properties  are  conftantly  obferved  in 
C  c  3  fuch 
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fuch  metallic  fubftances  as  are  moft  fubjeft 
to  change.  They  fometimes  exift  in  fo  emi- 
nent a  degree,  as  to  be  capable  of  corroding, 
and  intirely  deftroying,  the  organs  of  ani- 
mals. 


§  II.     The  Natural  Hiftory  of  Metallic 
Subftances. 

Metallic  fubftances  exift  in  the  earth  in 
four  different  ftates  i  the  firft  is  that  of  vir- 
gin, or  native  metal ;  that  is  to  fay,  poflef- 
fed  of  all  its  properties.  Gold  is  always 
found  in  this  ftate;  filver,  copper,  mercury, 
bifmuth,  and  arfenic,  often ;  but  iron  fel- 
dom  :  and  lead,  zink,  regulus  of  antimony, 
&c.  ftill  more  rarely. 

The  fecond  ftate  in  which  metallic  fub- 
ftances are  found,  is  that  of  earth,  or  calx ; 
that  is  to  fay,  without  tl:|e  metallic  afpeft, 
and  rather  refembling  ochres,  or  the  ftony 
fubftances  called  fpars ;  in  which  cafe  thefe 
minerals  are  called  fpathofe  ores.  Copper  is 
often  found  in  the  ftate  of  green  or  blue  calx ; 
iron  in  the  ftate  of  ruft,  or  white,  or  coloured 
fpar,  fometimes  cryftallized  ;  lead  in  the  ftate 
of  cryftallized  calx,  or  white,  red,  or  green 
fpar  5  tin  alfo  has  fometimes  the  metallic 
form;  zink  in  the  ftate  of  calamine;  cobalt 
in  red  flowers ;  arfenic  in  a  white  calx,  &c. 

The  third  natural  ftate,  and  the  moft  com- 
mon in  which  metals  are  found,  conftitutes 

ores. 
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ores,  or  mineralized  metals.  The  metallic  fub- 
ifance  is  found  combined  with  a  combuftible 
matter,  which  deprives  it  of  its  metallic  pro- 
perties, and  requires  to  be  feparated  before 
thofe  properties  can  be  again  manifefted. 
This  matter,  which  is  called  the  minerali- 
zer,  is  either  fulphur,  or  fome  metal.  Some 
chemifts  even  affirm  that  fulphar  is  the  moft 
common  mineralizer.  It  is  united  to  filver 
in  the  vitreous  ore ;  ores  of  copper  almoft 
always  contain  much  fulphur;  iron  is  com- 
bined with  this  mineral  in  the  martial  pyri- 
tes, lead  in  the  galena,  mercury  in  cinnabar, 
zink  in  blend,  the  regulus  of  antimony  in 
antimony;  and  lailly,  it  is  fometiraes  united 
with  bifmuth,  and  often  with  arfenic. 

It  is  proper  to  obferve,  that  metals  have 
not  all  the  fame  affinity  with  fulphur.  There 
are  fome  metals  which  contain  large  quan- 
tities, and  readily  part  with  it,  their  metal- 
lic ftate  appearing  fcarcely  altered  ;  fuch  are 
copper,  lead,  and  regulus  of  antimony. 
Others  contain  it  in  very  fmall  quantities, 
but  ftrongly  adherent,  and  caufing  almoft  all 
the  metallic  qualities  to  difappear;  as  is  ob- 
fervable  in  cinnabar. 

Metals  are  occafionally  found  alloyed  with 
other  metals,  but  arfenic  is  the  moft  ufual 
mineralizer.  Iron,  tin,  and  cobalt,  are  fre- 
quently united  to  arfenic.  Sometimes  the 
metal  is  combined  both  with  arfenic  and 
with  fulphur,  as  in  the  red  ore  of  antimony, 
C  c  4  and 
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and  the  red  fiiver  ore.  Laftly,  there  are 
metallic  ores  compofed  of  many  metals  anlft 
many  mineralizers  ;  fuch  as  the  grey  copper 
ore,  the  grey  lilver  ore,  and  fome  others. 

The  fourth  ftate  in  which  metals  are 
found,  is  in  combination  with  faline  fub-^ 
ftances,  almoft  always  acids.  The  vitriolic 
acid  is  moft  frequently  found  combined  with 
metals  ;  as  for  example,  zink,  lead,  copper, 
and  iron.  ^  The  cretaceous  acid  is  likewife  a 
common  mineralizer ;  and  the  arfenical  and 
phofphoric  acids  have  likewife  been  difco^ 
vered  in  minerals  within  the  laft  few  years. 

Metallic  fubftances  are  much  lefs  abun- 
dant than  ftony  matters ;  they  are  formed  in 
inountains  in  veins  or  clefts,  which  interfedl 
the  ftrata  of  earths  and  ftones  with  various 
degrees  of  obliquity.  This  is  the  moft  ufual 
ftate  of  mineralized  metals  ;  fuch  as  are  in 
the  ftate  of  calx(  or  of  falts,  are  often  found 
in  maffes  depofited  by  water,  and  fometimes 
cryftallized.  Metallic  ores  are  alfo  found 
in  large  irregular  mafles ;  in  this  cafe,  their 
formation  arifes  from  peculiar  caufes. 

The  metallic  veins  are  accompanied  with 
ftony  matters,  which  feem  to  have  been 
formed  at  the  fame  time.  Thefe  ftones  are 
ufually  quartz  and  fpar.  The  layer  on  which 
the  ore  is  placed  is  called  the  bed  or  floor 
of  the  mine ;  the  other  which  covers  it  is 
called  the  roof.  Stones  conftitute  what  is 
called  the  gangue  or  matrix  of  the  ore,  and 

muft 
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mull  not  be  confounded  with  the  minera- 
lizer ;  for  this  laft  is  combined  with  the  me- 
tal, fo  as  not  to  befeparated  but  by  chemical 
methods  ;  whereas  the  gangue  may  be  fepa- 
rated  by  mechanical  means.  Neither  muft 
the  gangue,  which  is  formed  of  crydallized 
ftones,  be  confounded  with  the  rock  which 
forms  the  mafs  of  the  mountain  wherein  the 
metallic  veins  are  formed.  The  veins  are 
divided  into  rich,  or  poor^  large,  or  fmall; 
ftraight,  or  crooked  -,  continued,  or  inter- 
rupted. 

Metallic  fubflances  appear  to  be  all  form- 
ed by  water.  The  greater  part,  in  facfl,  are 
fouhd  cryftallized,  or  mixed  with  fubflan- 
ces incapable  of  fuftaining  the  adion  of  fire 
without  change  ;  as  calcareous  ftones  and 
fulphur.  Bodies  are  likewife  found  among 
them  which  have  the  animal  or  vegetable 
organization  ;  a  certain  proof  that  they  have 
not  pafled  the  fire.  There  may,  perhaps, 
exift  certain  ores,  whofe  formation  may  be 
attributed  to  fire ;  as  for  example,  the  fpe- 
cular  iron  ore  of  Mont  D'or,  in  Auvergne; 
but  thefe  inftances  are  rare. 

Ores  are  more  commonly  found  in  moun- 
tains than  in  plains  ;  and  almoft  always 
in  fuch  mountains  as  form  continued  chains. 
It  is  obfer\ied  that  the  plants  which  grow 
on  the  furface  of  metalliferous  moun- 
tains, are  dry  ;  the  trees  are  finuous,  and 
deformed ;  fnow  melts   almoft  immediately 

when 
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when  it  falls  in  thefe  regions,  and  the  fands 
often  exhibit  metallic  colours.  Mineral 
metallic  fprings  are  found  in  the  vicinity  ; 
by  the  examination  of  which,  and  of  the  fands 
over  which  they  flow,  good  indications  of  the 
metallic  matters  in  the  neighbourhood  may 
be  obtained.  When  metallic  veins  appear 
at  the  furface  of  the  earth,  the  ground  may 
be  broken  into  with  probability  of  advan- 
tage, and  the  boring  inflrument  bringing  up 
the  fubftances  which  compofe  the  internal 
parts  of  the  mountain,  together  with  the 
metallic  mineral  fubftance,  ferves  to  fhew 
the  nature  of  that  fubftance,  ias  well  as  the  re-i 
fiftance  which  may  be  expected  in  digging, 

§  III.     The  Art  of  Afiaying  Ores,  or 
Dociniafia, 

When  a  certain  quantity  of  any  ore  has 
been  extrafted,  it  is  neceffary  to  make  an 
alTay,  that  its  nature  and  produce  may  be 
known.  Thefe  affays  form  one  of  the  moft 
important  parts  of  ckemiftry,  and  require  to 
be  varied  according  to  the  nature  of  the  ore 
under  examination ;  though  there  are  cer- 
tain general  principles  to  be  followed  in  all 
alTays. 

Specimens  of  the  ore  are  to  be  taken  from 
the  richeft,  the  pooreft,  and  that  which  is 
of  a  middle  quality.  This  precaution  is  very 
neceflary  -,   becaufe  if  the  aflay  were  made 

with 
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with  a  rich  fpecimen,  it  might  excite  too 
flattering  expectations  ;  or  if  with  a  very  poor 
one,  it  might  produce  difcouragement.    The 
ores  being  finely  powdered,  muft  afterwards 
be  thoroughly  wafhed   with  water,    which 
carries  off  the  pulverized  gangue,   while  the 
more  ponderous  mineral  remains  at  the  bot- 
tom of  the  veffel.     The   waflied   ore  muft 
then  be  carefully  roafted,  in  order  to  drive 
off,  by  fublimation,  as  large  a  quantity  as 
poflible  of  the  mineralizer.     The   roafting 
ought  to   be  performed  in  a  fmall  fhallow 
earthen  difh,  covered  with  a  veffel  of  the 
fame  kind.     This   precaution  is   neceffary, 
becaufe  certain  ores  decrepitate  in  the  fire, 
and  would  fly  out  of  the  capfule  in  which 
they  are  roafted,  and  by  that  means  render 
the  refult  uncertain.     As  the  roafting  made 
in  the  open  air  ufually  leaves  the  metal  in 
the  ftate  of  a  calx,  and  may  even  diffipate  a 
part,  if  it  be  of  a  volatile  nature  ;  we  prefer 
the  roafting  of  ores   in  an   earthen  retort. 
This  operation  has  the  advantage  of  exhibit- 
ing the  nature  and  property  of  the  minera- 
lizer, and  of  affording  a  much  more  accu- 
rate analyfis  of  the  mineral.     When  the  ore 
has  been  kept  red  hot  for  a  certain  time,  and 
no  longer  emits  any  vapour,  the  roafting  is 
finiftied.     The  ore  being  weighed  before  and 
after  the  waffling,  determines  the  quantity 
of  the  gangue ;  a  fecond  weighing  after  the 

roafting 
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roafting  (hews   how  much  it  lofes  by  that 
operation. 

The  roafted  ore  muft  then  be  fufed.  For 
this  purpofe,  it  is  mixed  with  three  parts  of 
black  flux,  and  a  fmall  quantity  of  decrepi- 
tated marine  fait,  and  put  into  a  crucible 
clofed  with  its  cover,  and  placed  in  a  good 
melting  furnace.  The  alkali  of  the  black 
flux  fufes  the  metal,  and  abforbs  the  portion 
of  mineralizer  which  remains  in  the  ore. 
The  coal  of  the  tartar  which  exifts  in  the 
black  flux  ferves  to  reduce  the  calcined  part 
of  the  metal.  The  marine  fait  prevents  the 
mixture  from  fuffering  any  lofs  during  the 
fufion  ;  becaufe  that  fait,  being  lighter  than 
the  other  matters,  occupies  the  upper  part 
of  the  crucible,  and  covers  the  mixture. 
The  fufion  being  performed,  the  crucible 
muft  be  fuffered  to  cool  very  gradually. 
When  the  fufion  has  been  properly  made, 
the  metal  is  found  in  a  fingle  button  with  a 
convex  furface,  and  fo  metallic  grains  are 
difcovered  in  the  fcoris  ;  the  fcoria5  them^ 
felves  being  vitreous,  compad,  and  uniform, 
covered  with  a  bed  of  common  fait  melted 
into  a  folid  mafs.  The  metallic  button  muft 
be  accurately  weighed,  and  ihews  the  pro-^ 
portion  of  metal  contained  in  the  ore. 

Some  ores  are  harder,  and  more  refradlory ; 
to  thefe  muft  be  added,  a  larger  quantity  of 
the  moft  adtive  fluxes,  fuch  as  borax,  poun-j 
ded  glafs,  fixed  alkalis,  &c.     It  frequently 

happen  s^ 
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happens,  that  the  fame  mineral  contains  the 
perfed:  metals  mixed  with  the  imperfedt ; 
thefe  are  feparated  by  heating  the  metallic 
button  with  contad:  of  air.  The  imperfedt 
metal  is  diffipated  by  calcination,  and  leaves 
the  perfed:  metal  in  a  ftate  of  purity.  The 
perfect  metal  almoft  always  confifts  of  gold 
and  filver  mixed  together.  Thefe  are  fepa- 
rated by  diffolving  the  filver  in  a  men- 
ftruum,  which  dcfes  not  adt  upon  the  gold, 
the  operation  being  called  parting.  The  re- 
fidues  of  all  thefe  procelTes  muft  be  weighed 
with  the  aflay  balance. 

Thefe  procefles,  accurate  as  they  may 
feem,  are  often  lefs  ufeful  to  thofe  v^ho  un- 
dertake to  work  mines  than  an  affay  lefs  care- 
fully conduced  would  be ;  becaufe  in  the 
large  way,  neither  the  fame  expenfive  mate- 
rials are  ufed,  nor  the  fame  minute  accuracy 
obferved.  It  is  therefore  proper  to  attempt 
to  fufe  the  ore  among  the  coals  of  a  melting 
furnace.  The  charcoal  reduces  the  metallic 
calx ;  and  the  fixed  alkali  produced  in  the 
combuftion  of  the  coal,  abforbs  a  portion 
of  the  mineralized  fubftance.  It  is  fome- 
times  necefl!ary  to  add  a  fmall  quantity  of  iron 
filings  or  fcori^,  or  glafs  gall,  to  facilitate 
the  fufion  of  the  more  refradory  ores. 

There  is  likewife  a  method  of  affaying  in 
the  humid  way,  which  may  be  pradifed 
when  it  is  required  to  know  what  metals 
are  contained   in  fpecimens  intended  to  be 

preferved 
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preferved  in  cabinets  of  natural  hiftory.  A 
fmall  piece  of  the  ore  is  taken,  which  is  di- 
gefted  in  acids,  that  diflblve  the  metal,  and 
Separate  the  minecalizer ;  the  fait  produced 
by  the  union  of  the  metal  to  the  acid,  fheWs 
the  quality  of  the  metal  :  but  this  kind  of 
aflay  is  not  applicable  to  every  ore,  becaufe 
they  are  not  all  capable  of  being  attacked 
by  acids.  Bergman  has  written  a  very  va- 
luable differtation  on  this-  method  of  analy- 
lis,  which  may  be  confulted.'* 

§  IV.  Concerning  the  Art  of  extradling 
and  purifying  Metals  in  the  large  Way  ^ 
or  Metallurgy. 

When  by  the  aflay  of  an  ore  it  is  afcer- 
tained  that  it  is  worth  working,  the  opera- 
tion is  condufted  in  the  following  manner : 
A  fquare  perpendicular  well,  or  cavity  is  dug 
in  the  earth,  of  fufficient  magnitude  to  con- 
tain ladders,  by  means  of  which  the  work- 
men may  defcend  and  afcend.  Over  this  is 
ufually  ereded  fome  fimple  apparatus  for 
drawing  up  veflels  loaded  with  the  mineral; 
and  fometimes  pumps  are  eredled  to  draw  up 
the  water  which  may  ifllie  from  the  earth 
into  the  cavity.  If  the  ore  is  too  deep  for 
one  fingle  well,  or  (haft,  to  lead  to  the  floor 
of  the  vein,  a   horizontal   drift  is  dug,  at 

''^.  See  Bergman's  EfTays,  tranllated  by  CuUen, 
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the  end  of  which  a  new  (haft  is  funk,  and 
this  is  done  repeatedly,  till  the  works  are 
carried  to  the  required  depth. 

If  the  rock  in  which  thefe  operations  are 
carried  on  be  very  hard,  it  will  not  be  ne- 
ceiTary  to  fupport  it ;  but  if  it  be  crumbly, 
as  when  the  work  is  carried  on  through 
earths,  the  drifts  muft  be  properly  fupported, 
and  the  fhafts  lined  with  planking  properly 
fixed. 

It  is  of  great  confequence  to  renew  the  air 
in  mines.  When  it  is  pradticable  to  open  an 
adit  from  the  bottom  of  a  fhaft,  fo  as  to 
communicate  horizontally  with  the  plane 
below,  a  current  of  air  is  eafily  produced  ; 
but  where  this  cannot  be  done,  a  new  fhaft 
is  funk,  fo  as  to  communicate  with  the  end 
of  the  gallery,  fartheft  from  the  original 
fliaft.  When  one  of  thefe  two  fhafts  is 
lower  than  the  other,  the  air  circulates  rea- 
dily ;  but  if  both  open  at  the  fame  level 
above,  no  current  of  air  will  be  produced. 
In  this  lafl  cafe,  a  fire  is  lighted  in  a  fur- 
nace at  the  mouth  of  one  of  the  fhafts,  and 
the  air  being  rarified  by  the  heat,  pafTes 
through  the  combuflible  matters,  and  is 
continually  renewed  in  the  gallery. 

Water  is  likewife  produdtive  of  great  in- 
convenience in  mines.  If  it  iffues  by  a  lit- 
tle at  a  time  from  the  earths,  the  miners 
attempt  to  convey  it  to  fome  lower  ground, 
or  to  the  nearefl  river,  by  a  Hoping  drift. 

If 
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If  it  IS  collefted  in  larger  quantities,  pumps 
are  ufed  to  draw  it  off.  It  fometimes  hap- 
pens, in  piercing  the  rock,  that  a  prodigi- 
ous quantity  of  water,  capable  of  filling  all 
the  drifts,  iffues  out  in  an  inftant.  The 
workmen  are  aware  of  this,  by  the  parti- 
cular kind  of  noife  produced,  in  ftriking 
their  inflruments  againfl;  the  rock.  In  this 
cafe,  they  conftrudt  a  door,  or  gate,  in  one 
of  the  galleries  -,  a  workman  breaks  the  rock 
to  give  vent  to  the  water,  and  quickly  re- 
tires, fhutting  the  door  after  him  -,  by  which 
means,  he  has  time  to  efcape  before  the  wa- 
ter gains  too  much. 

Vapours  of  cretaceous  acid,  and  inflam- 
mable gas,  are  often  difengaged,  or  formed 
in  mines,  by  the  re-acSion  of  mineral  and 
metallic  matters  on  each  other.  The  fires 
which  the  workmen  are  obliged  to  light  for 
the  purpofc  of  foftening  or  fplitting  the 
rock,  favour  the  difengagement  of  thefe 
gafes  ;  whofe  dangerous  effedts  can  only  be 
prevented  by  rapid  currents  of  air,  or  by 
detonation. 

The  ore  extrafted  from  the  earth  is  poun- 
ded, waflied,  roafted,  fmelted,  and  refined. 
The  ore  is  in  fome  cafes  pounded  under  large 
peftles,  moved  by  water  -,  and  the  pounded  ore 
is  wafhed  on  inclined  planes  or  tables,  by  the 
current  of  water  which  carries  off  the  gangue. 
Ores  that  contain  much  fulphur  muft  be 
roafted  in  the  open  air;  fuch  as  contain  but 

little. 
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little,  may  be  roafted  in  the  furnaces,  which 
afterwards  ferve  to  fufe  them.  Some  ores 
are  fufible  alone  ;  others  require  to  be 
melted  in  contac5t  with  charcoal,  and  with 
different  fluxes.  The  melting  furnaces  vary 
in  different  countries,  and  according  to  the 
nature  of  the  ore.  The  refining  furnaces 
do  not  effentially  differ  from  thofe  ufed  in 
melting  ;  and  fometimes  the  fame  furnace 
ferves  for  both  operations.  When  the  me- 
tals have  been  reduced  in  this  manner,  they 
almofl  always  confift  of  feveral  united  to- 
gether. The  methods  of  feparating  them 
are  intirely  chemical,  and  will  be  fpoken  of 
when  we  come  to  treat  of  each  metal  indi- 
vidually. 

§  V.     Concerning  the  Chemical  Properties 
of  Metallic  Subflances. 

All  the  chemical  properties  of  metallic 
fubflances  feem  to  prove,  that  they  are  Am- 
ple, and  not  decompofable.  The  changes 
they  are  fubjed:  to  by  the  adiion  of  heat, 
air,  and  faline  fubftances,  always  arife, 
as  we  fhall  fee,  from  combinations ;  none  of 
theie  changes  refembling  an  analyfis,  as  we 
ihall  prove  by  a  particular  explanation  of  the 
phenomena  which  accompany  them. 

Light  appears  to  alter  the  colour  and 
the  brilliancy  of  fome  metallic  fubftances. 
Though  well  clofed  in   tranfparent  veffels. 

Vol.  II.  D  d  they 
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they  become  tarniflied  by  a  change  of  co- 
lour, which  gradually  increafes  till  the  me- 
tallic brilliancy  no  longer  remains.  This 
kind  of  alteration  has  not  been  obferved  to 
any  farther  extent. 

Heat  only  produces  certain  changes  of  ag- 
gregation, with  various  degrees  of  facility  in 
each.  All  metallic  fubftances  heated  in  well 
clofed  veffels  become  fluid,  or  melt;  fome 
long  before  the  red  heat,  others  at  the  inftant 
of  ignition  ;  and  others  long  after.  No  two 
metals  perfectly  agree  in  fufibility .  If  they  be 
fufFered  to  cool  gradually,  after  having  been 
melted,  they  cryftallize.  If  the  fire  be  greatly 
urged,  they  boil  after  the  manner  of  fluids, 
and  are  reduced  into  vapours.  Thefe  pro- 
perties have  long  been  known  in  mercury ; 
many  goldfmiths  have  aflured  me  that  they 
have  obferved  gold  and  filver  to  boil  when 
in  fufion.  M.  de  Buffon  obferved,  that 
when  plates  of  filver  are  expofed  to  the  fo- 
cus of  a  large  concave  mirror,  a  white  fume 
is  emitted  from  their  furface.  MefTrs.  Mac- 
quer  and  Lavoifier,  having  placed  cuppelled 
filver  in  the  focus  of  the  lens  of  Tfchirn- 
haufen,  obferved,  that  this  metal  exhales  in 
the  form  of  fmoke.  A  plate  of  gold  ex- 
pofed to  this  fume  was  perfed:Iy  filvered. 
Gold  placed  in  the  fame  focus  likewife  emit- 
ted fumes,  which  perfedtly  gilded  a  plate  of 
filver  expofed  to  them.  The  chimneys  of 
goldfmiths  and  affayers  are  filled  with  fumes 

of 
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of  gold  and  filver.  Copper,  tin,  lead,  zink, 
regulus  of  antimony,  bifmuth,  and  arfenic, 
are  volatilized  with  confiderable  facility. 

All  melted  metals  appear  convex  on  their 
furface,  and  form  perfeA  fpheres  when  their 
quantity  is  fmalL  This  effect  depends  on 
the  force  of  aggregation,  which  caufes  the 
metallic  parts  to  approach  each  other,  and 
likewife  on  their  fmall  tendency  to  combine 
with  the  body  which  fupports  them^  This 
property  is  general  in  all  fluids,  and  may 
be  obferved  in  oil,  furrounded  with  water, 
or  water  furrounded  by  any  fat  fubftance. 

Metals  expofed  to  the  adtion  of  lire  with 
contad:  of  air,  are  very  fenfibly  altered  ;  but 
the  time  required  to  produce  thofe  alterar- 
tions  is  exceedingly  different  in  the  feveral 
metals.  Such  as  are  not  fenfibly  changed, 
are  called  perfedl  metals ;  and  fuch  as  are 
intirely  deprived  of  their  metallic  properties 
by  thefe  properties,  are  called  imperfed:  me- 
tals. This  change,  to  which  metallic  fub- 
ftances  are  liable,  is  called  calcination,  and 
is  a  truecombuftion^  which  cannot  be  per- 
formed without  the  accefs  of  air,  and  when 
performed  in  a  certain  quantity  of  air,  can- 
not be  continued,  unlefs  that  air  be  occaiion- 
ally  renewed.  The  air  in  which  metals  have 
been  burned  becomes  mephitic.  The  com- 
buftion  of  metallic  fubftances  is  accompa- 
nied with  a  flame  more  or  lefs  ftrong,  which 
is  very  fenfible  in  zink,  regulus  of  arfenic, 
D  d  2  iron. 
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iron,  gold,  filver ;  and  even  in  lead,  tm, 
and  regulus  of  antimony,  when  ftrongly 
heated.  Metals  in  a  more  eminent  degree 
lofe  their  metallic  properties,  the  longer 
they  are  expo  fed  to  heat  in  contadt  with 
air.  Some  approach  in  their  charadlers  to 
earthy  matters,  in  which  ftate  they  have 
been  called  metallic  earths.  The  name  of 
metallic  calx  ought  to  be  preferred  to  this 
laft  term,  becau(e  it  is  now  afcertained  that 
thofe  burned  metals  are  not  earths,  as  was  till 
within  a  few  years  paft  believed.  Metallic 
calces  do  not  retain  the  brilliancy  they  pof- 
feffed  when  in  the  form  of  metals,  and  have 
no  affinity  with  metals ;  not  excepting  even 
the  fpecies  from  which  they  were  made. 
When  urged  by  fire,  they  are  either  volatiliz- 
€d,  or  flow  into  glafs ;  which  is  the  more 
tranfparent  and  refradtory,  the  more  perfedl 
the  calcination.  Metallic  calces  or  glaifes 
unite  with  faline  and  earthy  matters.  Several 
of  them  have  the  faline  charader.  Arfenic, 
well  calcined,  becomes  a  peculiar  acid,  whofc 
properties  have  been  examined  by  Scheele  and 
Bergman.  Meflrs.  Rouelle  have  informed 
us,  that  the  calx  of  antimony,  like  that  of 
arfenic,  is  foluble  in  water. 

Some  metallic  calces,  expofed  to  the  ac- 
tion of  heat,  are  reduced  to  the  metallic 
form,  affording  at  the  fame  time  an  aeriform 
fluid,  which  is  the  pureft  vital  air  we  know. 
We  are  indebted  to  Mr.  Bayen  for  the  firft 

information 
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information  refped:ing  this  fubjedl.  He  ob- 
ferved,  that  the  calces  of  mercury  heated  in 
clofe  veffels  give  out  much  air,  and  are  re- 
duced into  running  mercury.  Dr.  Prieftley 
having  examined  this  air,  perceived  that  it 
was  much  purer  than  the  air  of  the  atmo- 
fphere  ;  and  from  this  difcovery  it  is,  that 
we  may  date  the  epocha  of  the  commence- 
ment of  that  accurate  knowledge  we  at  pre- 
fent  poiJefs,  refped:ing  the  calcination  of 
metals.  Let  us  take  a  (hort  review  of  the 
phenomena  of  this  calcination  :  A  metal 
never  becomes  calcined,  but  when  in  eon- 
tad  with  air ;  the  more  extenfive  this  con- 
ta(fl,  the  larger  is  the  quantity  of  metal 
Avbich  becomes  calcined.  A  given  quantity 
cf  air  can  ferve  for  the  calcination  of  no 
HFVore  than  a  given  quantity  of  metal;  as 
Mr.  Lavoifier  h^s  ingcnioufly  proved  by  cal- 
cining lead  with  a  refle(fting  mirror  in  a 
glafs  veffel-,  containing  a  known  bulk  of  air. 
The  metal,  during  its  calcination,  ablbrbs 
a  portion  of  the  air  which  furrounds  it,  as 
is  proved  by  the  afcent  of  the  mercury  dur- 
ing the  procefs.  The  increafe  of  weight 
acquired  by  the  metallic  calces,  is  owing 
to  this  portion  of  air  abforbed  during  cal- 
cination ;  for  when  it  is  extra(fled  from 
the  calces  of  mercury,  they  lofe  theexcefs 
of  weight  in  their  return  to  the  metallic 
ftate ;  and  this  excefs  is  accurately  found 
;n  the  air  they  afford  by  diftillation.  From 
D  d  3  all 
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all  thefe  phenomena,  it  appears  to  be  dc*« 
monftrated,  that  calcination  is  merely  the 
combination  of  the  metal  with  the  bafe  of 
pure  of  air  contained  in  the  atmofphere. 
This  combination  is  often  made  by  the  fimple 
contadt  of  air,  in  metals  which  calcine  or 
ruft.  The  neceflity  of  heating  moft  metals, 
in  order  to  calcine  them,  arifes  from  the 
force  of  affinity  or  combination  being  in- 
creafed  in  the  farpe  proportion  as  the  force 
of  aggregation  is  diminiflied ;  whence  the 
change  intended  to  be  effedted  is  greatly 
prompted.  Heat,  therefore,  in  this  opera- 
tion, as  in  many  others,  is  only  an  accef- 
fary.  The  air,  which  has  ferved  the  pur- 
pofe  of  calcination,  cannot  maintain  com- 
buftion,  becaufe  it  is  deprived  of  that  pure 
portion,  or  vital  principle  of  the  ancients, 
which  alone  is  capable  of  maintaining  com- 
|)uftion  and  life.  The  greater  the  quantity 
of  pure  air  contained  in  the  atmofphere,  the 
better  adapted  it  is  to  calcine  a  given  quan- 
tity of  metal  in  a  fliorter  time.  I  have 
pften  obferved^  that  a  much  greater  quan- 
tity of  calx  of  lead,  bitumen,  &c.  may  be 
obtained  by  plunging  thefe  melted  metals 
into  a  veflel  filled  with  vital  air,  than  would 
have  been  produced  in  the  fame  time  in  the 
open  air.  All  thefe  fadls,  and  many  others, 
which  will  be  found  in  the  particular  hif- 
tory  of  each  metal,  are  well  calculated  to 
prove,  that  a  metallic  calx  is  merely  a  che- 
mical 
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mical  combination  of  metal,  and  the  bafe  of 
pure  air ;  that  calcination  is  fimply  the  aft  in 
which  this  combination  takes  place;  and 
that  the  air  of  the  atmofphere  is  decompofed 
during  the  procefs. 

The  redudlion  of  metals,  by  the  addition 
of  combuftible  matters,  likewife  elucidates, 
and  greatly  tends  to  confirm,  this  theory. 
When  a  calx  is  to  be  reduced  to  the  metallic 
ftate,  it  is  often  necefTary  to  heat  it  in  clofe 
veflels,  with  fome  combuftible  matter,  as 
greafe,  oil,  charcoal,  &c.  In  all  thefe  cafes 
the  metallic  calx  is  decompofed,  by  depriv- 
ing it  of  the  bafe  of  the  air,  which  produced 
the  calciform  ftate.  This  operation  may 
be  explained,  by  obferving,  i .  That  metals 
are  not  the  moil  combuftible  fubftances  in 
nature,  or,  which  is  the  fame  thing,  their 
affinity  with  the  bafe  of  vital  air  is  not  the 
greateft  poffible.  2.  That  combuftible  ani- 
mal, or  vegetable  fubftances,  have  a  ftronger 
affinity  with  this  oxyginous  bafe  than  me- 
tallic fubftances  have.  3.  That,  confequent- 
ly,  when  a  metallic  calx  is  reduced  by  the 
addition  of  charcoal,  the  latter  being  more 
combuftible  than  the  metal,  or  having  a 
ftronger  affinity  with  the  oxyginous  prin- 
ciple, feizes  it,  and  decompofes  the  metallic 
calx,  which  confequently  pafles  to  the  me- 
tallic ftate.  Thefe  operations,  therefore,  do 
not  fucceed  well  but  in  clofed  veftels.,  b.e- 
^aufe  the  combuftible  matter,  b^eing  exglud- 
D  d  4  cd 
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^d  from  the  contaft  of  air,  can  only  burn 
by  the  affiftance  of  that  of  the  calx.  Hence, 
alfo,  the  portion  of  this  inflammable  fub- 
ftance,  which  feizes  the  oxyginous  principle 
of  the  metallic  calx,  is  found  to  be  con- 
verted into  cretaceous  acid,  and  aflies,  after 
the  redudion.  While  we  are  explaining 
the  hiftory  of  metallic  calcination,  accord- 
ing to  the  modern  theory,  we  muft  not  for- 
bear to  mention  the  dodrine  of  Stahl,  which 
was  almoft  univerfally  adopted,  till  the 
time  of  the  lateft  difcoveries  refpefting  air 
and  combuftion,  Stahl  confidered  metallic 
fubftances,  as  compounds  of  peculiar  earths 
and  phlogifton.  Calcination,  according  to 
him,  confifts  in  the  difengagement  of  phlo- 
gifton ;  and  the  redudtion  reftores  to  the  me- 
tallic calces,  the  principle  they  loft  during 
their  calcination.  This  theory,  we  may  ob- 
ferve,  is  abfolutely  contrary  to  that  of  the 
moderns^  as  it  holds  metals  to  be  compound 
fubftances,  while  the  pneumatic  theory  con- 
fiders  them  as  fimple.  According  to  Stahl, 
they  lofe  a  principle  in  their  calcination ; 
and  the  modern  dodlrine  proves,  that  during 
this  operation  they  combine  with  a  new  fub- 
ftance.  Laftly,  this  great  chemift  imagin- 
ed, that  during  redudion,  the  metallic  calces 
refumed  the  phlogifton  they  had  loft,  by  the 
adtion  of  fire ;  and  the  moderns,  on  the  con- 
trary, believe,  that  redudlion  is  nothing 
more  than  the  feparatiou  of  the  oxyginous 

pri^- 
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principle,  which  combined  with  them  dur- 
ing calcination. 

After  this  flight  comparifon  of  the  two 
theories,  let  us  endeavour  toafcertain  which 
is  fupported  by  the  greateft  number  of  fadts. 
Stahl  is  intirely  taken  up  in  attempting  to 
prove  the  exiftence  of  phlogifton  in  metals, 
but  feems  to  have  forgotten  the  influence  of 
air  in  calcination :  neverthelcfs,  Beccher, 
John  Rey,  Boyle,  and  feveral  other  chemifls, 
fufpedied,  before  him,  that  the  principal 
circumfl:ance  depended  upon  that  element. 
The  theory  of  Stahl,  however  fatisfaftory  it 
may  have  appeared  before  the  time  of  the 
modern  difcoveries  concerning  air,  could  not 
therefore  agree  with  all  the  fafts  which  de- 
monflrate  the  necefliity  and  adion  of  that 
fluid  in  calcination.  And  we  accordingly 
obferve  many  phenomena  not  explicable,  by 
that  theory,  and  even  contradictory  to  it. 
Such,  for  example,  is  the  increafed  weight 
of  metallic  bodies,  beyond  that  of  the  me- 
tals before  their  calcination.  We  can  never 
form  any  conception,  how  a  body  can  be- 
come heavier  by  lofing  one  of  its  confl:ituent 
parts ;  and  as  weight  is  one  of  the  properties 
by  which  the  prefence  of  matter  is  proved, 
the  ingenious  explanation,  given  by  M.  De 
Morveau,  in  his  diflertation  on  phlogifl:on, 
relative  to  this  phenomenon,  cannot  be  ad- 
mitted as  intirely  fatisfadlory;  more  efpeci- 
ally  fince  the  exiftence   of  air  in  metallic 

calces 
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calces  has  been  proved.  From  thefe  fads 
it  therefore  appears,  that  the  pneumatic 
theory  has  great  advantages  over  that  of 
Stahl.  Yet  Macquer,  guided  by  that  phi- 
lofophical  caution,  which  cannot  be  too 
ftrongly  recommended  to  every  cultivator  of 
fcience,  has  thought  proper  to  conned  the 
modern  difcoveries  with  the  dodlrine  of 
phlogifton,  and  was  even  of  opinion  that 
they  tended  to  confirm  that  dodrine.  Ac^ 
cording  to  this  celebrated  chemift,  metals 
cannot  lofe  their  phlogifton,  and  become 
calcined,  but  in  proportion  as  the  pure  air 
of  the  atmofphere  precipitates,  and  becomes 
united  to  them,  difengaging,  at  the  fame 
time,  the  light  they  contain  j;  and,  on  the 
contrary,  they  are  not  reducible,  until  light, 
aflifted  by  heat,  feparates  the  pure  air,  and 
takes  its  place  :  fo  that  thefe  two  bodies  are 
mutually  precipitated  by  each  other. 

As  it  is  clearly  demonftrated,  at  prefent, 
that  metallic  calces  are  compounds  of  me- 
tals and  the  oxyginous  principle,  it  becomes 
an  important  fubjed:  of  inquiry,  to  afcertain 
the  various  eledive  attradions,  which  exift 
between  this  principle  and  metallic  fub- 
ftances.  Mr.  Lavoifier  has  already  made 
fome  progrefs  in  this  intereiling  refearch^ 
but  experiments  have  not  yet  been  fuffi- 
ciently  multiplied,  and  the  accuracy  of  their 
refult  is  not  well  enough  afcertained,  to  al- 

lovif 
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low  of  our  entering  into  the  fubjeft  at  full 
length. 

Metallic  fubftances  are  changed  by  expo- 
fure  to  the  air,  their  furface  being  tarnifh- 
ed,  and  fome  of  them  becoming  covered 
with  ruft.  We  (hall  have  frequent  occafion 
to  re-confider  this  fubjed:,  and  to  fliew,  that 
the  vapour  of  water  calcines  many  metals, 
and  that  the  cretaceous  acid  of  the  atmo- 
fphere  unites  with  them  after  calcination. 

Water  diffblves  fome  metals,  and  has  no 
adlion  on  others.  In  the  vaporous  form,  it 
fingularly  favours  the  production  of  ruft,  ia 
fuch  metals  as  are  fufceptible  of  that  modi- 
fication. The  recent  difcoveries  of  Mr.  La- 
voifier  have  fhewn,  that  it  calcines  with  great 
facility  fuch  metals  as  are  moft  combuftible, 
as  for  example,  zink  and  iron ;  and  that  it 
is  itfelf  decompofed  into  the  oxyginous  prin* 
ciple,  which  unites  to  the  metals  and  in-, 
flammable  gas  which  is  difengaged. 

Earthy  matters  do  not  appear  to  adl  on 
metallic  fubftances ;  but  they  unite,  by  fu- 
fion,  with  their  calces. 

The  adtion  of  the  falino-terreftrial  fub- 
ftances on  the  metals,  is  not  known. 

Alkalis  diifolve  certain  metals,  though 
they  adt  but  feebly  on  moft  of  them.  The 
water  which  is  always  united  to  alkalis, 
appears  to  contribute  greatly  to  the  calci- 
pation  they  produce  in  many  metals. 

Acids  ad:  ftrongly  on  metals,  and  diflblve 

them 
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them  with  various  degrees  of  facility.  The 
vitriolic  acid  produces  either  inflammable 
gas,  or  fulphureous  gas,  accordingly  as  it  is 
united  to  water,  or  concentrated.  In  the 
firft  cafe,  the  water  is  decompofed,  and  af- 
fording its  oxyginous  principle  to  the  me- 
tal, produces  inflammable  gas :  ia  the  (&-' 
cond,  the  acid  itfelf  is  decompofed ;  and  its 
oxyginous  principle  becoming  partly  fixed 
in  the  metallic  fubftances,  leaves  the  fulphur 
ftill  united  with  a  portion  of  that  principle, 
and  confequently  in  the  flate  of  fulphureous 
gas.  The  vitriolic  acid,  faturated  with  me- 
tallic calces,  in  either  circumftance  forms 
vitriols,  which,  when  cryflallized,  muft  be 
confidered  as  compounds  of  four  bodies ; 
namely,  metal,  the  oxyginous  principle,  vi^ 
triolic  acid,  and  water,  Thefe  metallic  vi- 
triols are  varioufly  coloured,  cryftalUzable, 
foluble  in  water,  decorr>pofable  by  heat,  &c. 
The  nitrous  acid  appears  to  ad:  on  metals 
with  more  rapidity  than  the  vitriolic,  though 
it  in  general  adheres  to  them  much  more 
flightly.  A  large  quantity  of  nitrous  gas  i§ 
produced  ;  the  metal  is  more  or  Icfs  cal- 
cined, and  either  falls  down,  or  remains 
united  to  the  acid.  Stahl  attributed  this  ef- 
fect to  the  difengagement  of  the  phlogifton 
of  metals.  *A11  chemifts,  at  prefent,  think 
it  is  produced  by  the  decompofition  of  the 
nitrous  acid,  and  the  feparation  of  the  vital 
air  and  nitrous  gas,  which  they  confider  as 

*  Quere  ?     T. 
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the  two  principles  of  this  acid.  Nitrous 
metallic  folutions  are  more  or  lefs  decom- 
pofable  by  heat,  by  air,  and  by  water.  Al- 
kalis feparate  the  metallic  calces.  The  ni- 
trous, as  well  as  the  vitriolic  acid,  has  various 
degrees  of  attraction  for  the  different  metals, 
Mr.  Prouft  has  difcovered,  that  feveral  me- 
tallic fubftances  take  fire  by  the  contad:  of 
this  acid. 

The  marine  acid,  in  general,  afts  with 
very  little  energy  on  metals.  The  water 
with  which  it  is  united,  calcines  them,  and 
difengages  inflammable  air.  The  muriatic 
folutions  of  metals,  are  in  general  more  per- 
manent, and  more  difficultly  decompofed  by 
heat,  than  thofe  which  are  made  in  the  vi- 
triolic or  nitrous  acids.  Some  aitord  cryf- 
tals  by  heat;  but  in  general  they  do  not 
cryftallize  without  difficulty.  The  marine 
acid  has  a  ftronger  affinity,  than  the  vitrio- 
lic or  nitrous,  with  feveral  metallic  fub- 
ftances, and  decompofes  their  folutions. 

The  dephlogifticated,  or  aerated  marine 
acid,  calcines  moft  metals  with  the  greatefl 
facility,  by  means  of  the  excefs  of  the  oxy- 
ginous  principle  it  contains,  and  which  is 
not  ftrongly  united  with  it.  It  diffolves 
them  without  effervefcence,  in  the  fame^ 
manner  as  water  diffolves  fait. 

The  cretaceous  acid   adts  weakly  on  me- 
tals, though  it  is  capable  of  combining  with 
m^fl  of  them,  as  Bergman  has  fhewn.    Com- 
binations 
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binations  of  metals  with  this  acid  are  often 
found  in  nature;  they  are  fometimes  cryf- 
talHzed,  and  are  known  by  the  name  of 
fpathofe  ores,  of  which  iron  and  lead  are  in- 
ftances. 

The  acids  of  fluor,  and  of  borax,  likewife 
unite  with  metals ;  but  the  compounds  they 
form  are  little  known. 

Among  the  various  combinations  of  me- 
tals with  acids,  fome  are  capable  of  cryftal- 
lizing,  while  others  aflume  no  regular  form. 
Some  are  decompofed  by  fire,  and  others,  on 
the  contrary,  are  not  at  all  changed  by  that 
agent.  The  greater  number  are  changed  by 
expofure  to  air.  All  are  more  or  lefs  foluble 
in  water,  and  may  be,  for  the  moft  part, 
decompofed  by  that  fluid,  as  Macquer  ob- 
ferved.  All  are  precipitated  by  clay,  pon- 
derous earth,  magnefia,  lime,  and  alkalis, 
which  have  a  ftronger  affinity  with  acids. 

When  certain  metals,  which  have  a  ftronger 
affinity  with  acids  than  others,  are  ufed  to 
feparate  the  latter  from  their  acid  folutions, 
the  precipitated  metals  appear  with  the  me- 
tallic form  and  brilliancy,  becaufe  the  oxy- 
ginous  principle,  which  was  united  to  them 
in  their  ftate  of  folution,  is  feparated,  and 
becomes  combined  with  the  precipitant, 
which  becomes  diffolved  in  the  acid  in  its 
turn.  For  this  reafon,  Mr.  Lavoifier  con- 
fiders  the  precipitations  of  metals   by  each 

other. 
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Other,    as   effedls   of  their   feveral  affinities 
with  the  oxyginous  principle. 

Neutral  falts  are  very  little  changed  by 
the  adion  of  metals  in  the  humid  way ;  but 
if  a  mixture  of  thefe  falts  with  metals  be 
ftrongly  heated,  many  of  them  are  decom- 
pofed.  Several  vitriolic  falts  form  fulphur 
in  thefe  circumftances.  Mr.  Monnet  is  the 
only  chemilT:  who  has  mentioned  this  de- 
compolition  with  the  regulus  of  antimony. 
In  a  feries  of  experiments  relative  to  this  in- 
quiry, I  have  difcovered  feveral  other  me- 
tals, fuch  as  iron,  zink,  &c.  which  decom- 
pofe  vitriolated  tartar,  &c. 

Nitre  detonates  with  mofl  metallic  fub- 
ftances,  and  calcines  them  more  or  lefs. 
This  phenomenon  depends  on  the  greater 
affinity  of  the  oxyginous  principle  with  many 
of  thefe  fubftances,  than  it  has  with  the  at- 
mofpheric  mephitis.  Metals  calcined  by 
this  fait,  are  called  metals  fixed  by  nitre. 
The  alkaline  bafe  of  this  fait  often  diffolves 
part  of  the  metallic  calces. 

Sal  ammoniac  is  decompofed  by  many 
metals,  and  by  the  calces  of  moft  metallic 
fubftances.  Bucquet,  who  made  many  ex- 
periments relative  to  this  fubjed:,  has  ob- 
ferved,  that  all  metals,  on  which  the  marine 
acid  is  capable  of  adling  immediately,  are 
capable  of  completely  decompofing  fal- 
ammoniac ;  that  inflammable  gas  is  difen- 
gaged  during  thefe  decompofitions ;  and  that 

^  they 
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they  do  not  take  place  in  the  fame  manner^ 
with  fuch  metals  as  are  not  foluble  in  the 
ordinary  marine  acid.  The  volatile  alkali, 
obtained  by  thefe  decompolitions,  is  always 
very  cauftic  and  pure. 

Almoft  all  mineral  combuftible  bodies 
unite  gradually  with  metals.  Inflammable 
gas  gives  them  a  deeper  colour,  and  reduces 
Ibme  of  their  calces,  becaufe  it  has  a  ftronger 
affinity  with  the  oxyginous  principle,  as  is 
proved  by  feveral  very  ingenious  experiments 
of  Dr.  Prieftley.  Thefe  reductions  of  metal- 
lic calces  are  accompanied  with  the  pro- 
duftion  of  a  certain  quantity  of  water,  form- 
ed by  the  combination  of  this  gas  with  the 
•oxyginous  principle  of  the  calces. 

Sulphur  unites  with  moft  metals  -,  its 
combinations  form  a  kind  of  artificial  ores ; 
when  they  are  moiftened,  or  expofed  to  a 
moift  air,  they  become  gradually  vitriolized. 
The  hepars  of  fulphur  diffolve  all  the  me- 
tals. Hepatic  gas  colours  them,  and  de- 
compofes  their  calces,  which  it  caufes  to 
refume  the  metallic  ftate,  by  abforbing  the 
oxyginous  principle  they  were  united  to, 

Metals  combine  with  each  other  with 
various  degree  of  facility,  and  produce  al- 
loys, whofe  refpecStive  properties  render  them 
very  ufeful  in  the  arts. 

§  VI.  Methodical  arrangement  of  metallic 
fubftances. 

The  number  of  metallic  fubftances  being 

con- 
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confiderable,  renders  it  neceflary  to  eftablifh 
an  arrangement,  or  order  of  claffing  them, 
by  which  fuch  as  have  fimilar  properties 
may  be  placed  together,  and  fuch  as  differ 
may  be  feparated.  Dudlility  is  a  leading 
charadler.  Metallic  fubftances,  which  are 
not  at  all  dudile,  or  at  leaft  which  poifefs 
but  a  very  inconfiderable  degree  of  dudlility, 
are  called  femi-metals.  Thofe,  on  the  con- 
trary, which  are  very  dudlile,  are  called 
metals.  The  femi-metals  are  either  very 
brittle  under  the  hammer,  or  capable  of  a 
fmall  degree  of  extenfion,  which  affords  an- 
other fub-divifion  of  thefe  fubflances.  The 
metals  may  likewife  be  fub-divided,  with 
refped  to  the  adion  of  fire  upon  them.  In 
fadl,  fome,  when  treated  with  the  contadt 
of  air,  become  quickly  calcined ;  others,  on 
the  contrary,  treated  in  the  fame  manner, 
experience  no  change.  The  firfl  are  the 
perfeift,  and  the  latter  the  imperfecft,  metals. 
In  order  to  avoid  multiplying  divifions,  we 
fhall  here  exhibit  a  Table,  containing  the 
metallic  fubflances  arranged  according  to 
the  foregoing  diflindions. 
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Metallic  Subftances  are  either 


Scarcely  du6lile, 

1 

Or  very  dudile. 

Sect.  I. 
Semi-metals. 

Sect,  II. 
Metals. 

Division  I. 
Brittle  under  the  hammer, 
Arfenic, 
Cobalt, 
Bifmuth, 

Regulus  of  antimony. 
Nickel, 
Manganefe. 

Division  I. 
Eafily  calcined  by  heat,  with 
accefs  of  air. 
Imperfeft  Metals. 
Lead, 
Tin, 
Iron, 
Copper. 

Division  II. 
Pofleffing  a  fmall  degree  of 
ductility  undex  the  ham- 
iner, 
Zink, 
Mercury. 

Division  II. 
Not  calcinable  by  mere  heat 
with  accefs  of  air. 
Perfea  Metals. 
Silver, 
Gold, 
Platina. 

CHAP. 
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CHAP.        VII. 

Concerning  Arfenic.*' 

ARSENIC  may  be  properly  placed  the 
firfl  in  the  arrangement  of  femi-metals, 
becaufe  it  greatly  refembles  falts.  Kunckel 
confidered  it  as  a  coagulated  aqua-fortis; 
Beccher  and  Stahl  reckoned  it  a  faline  mat- 
ter :  Scheele  has  proved,  that  it  is  capable 
of  forming  a  peculiar  acid  ;  and  on  the  other 
hand,  Brandt  and  Macquer  have  proved, 
that  it  is  a  true  femi-metal.  Arfenic,  when 
poffeffed  of  all  its  properties,  has  the  cha- 
radlers  of  metallic  fubftances ;  it  is  perfectly 
opake,   ponderous,   and  brilliant. 

Arfenic  is  often  found  native,  in  black 
heavy  malles,  fcarcely  brilliant.  It  has 
fometimes  the  metallic  luftre,  and  reflecfls 
the  colours  of  the  rainbow  ^  in  its  fracture, 
it  appears  to  be  more  brilliant  than  at  its  fur- 
face,  and  feems  com^pofed  of  a  great  number 
of  fmall  fcales ;  when  thefe  fcales  appear  ex- 
ternally, the  fpecimens  are  called  teftaceous 

*  We  give  the  name  of  arfenic,  to  the  femi -metallic 
fubftance  ufually  called  regulus  of  arfenic  :  the  latter  de- 
nomination ought  to  be  abandoned  as  improper.  The 
fubftance  called  white  arfenic,  is  a  calx  of  the  femi- 
metal. 

E  e  2  arfenic, 
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arfenic,  or  improperly,  teflaceous  cobalt  ; 
becaufe  formerly,  when  the  metallic  cha- 
radler  of  arfenic  was  unknown,  the  tefta- 
ceous  arfenic  was  confidered  as  an  ore  of  co- 
balt, to  which  appellation  the  arfenical  na- 
ture of  moft  cobalt  ores  contributed. 

Native  arfenic  is  very  eafily  known, 
when  it  has  the  metallic  brilliancy  and 
fcaly  texture  ;  but  when  it  is  black,  and  of 
a  clofe-grained  texture,  it  is  only  diftin- 
guiflied  by  its  great  weight,  and  total 
diffipation  on  hot  coals,  in  white  fumes 
of  a  garlick  fmell.  This  laft  is  abundantly 
found  mixed  with  grey  filver  ore  at  St. 
Marie-aux-Mines,  and  is  likewife  found 
among  the  ores  of  Saxony,  and  at  Andrarum, 
in  the  province  of  Schonen  in  Sweden. 

Arfenic  is  fometimes  naturally  found  in 
the  form  of  a  white  calx,  of  a  vitreous  ap- 
pearance, though  more  commonly  in  the 
form  of  flowers,  or  mixed  with  certain 
earths.  This  calx  is  alfo  found  at  St. 
Marie-aux-Mines,  and  is  known  by  the 
white  fumes,  and  fmell  of  garlick,  which 
it  exhales  when  thrown  into  the  fire. 

Arfenic  is  often  combined  with  fulphur, 
and  then  forms  orpiment  and  realgar.  Na- 
tive orpiment  is  found  in  yellow,  brilliant, 
and  as  it  were,  talcky  mafTes,  often  mixed 
with  realgar,  and  fometimes  of  a  greenifh 
colour.  Realgar  is  of  a  red  colour,  more 
or   lefs  lively  and    tranfparent,    and   often 

cryftallized 
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cryftallized  in  brilliant  needles.  It  is  found 
in  great  quantities  at  Quito,  and  near  Mount 
Vefuvius.  Thefe  two  fubftances  appear  to 
differ  only  in  the  degree  of  fire,  by  which 
they  have  been  combined. 

Mifpikel,  or  arfenical  pyrites,  is  the  laft 
ore  of  arfenic,  and  contains  that  femi-metal 
combined  with  iron.  Mifpikel  is  fometimes 
cryftallized  in  cubes,  and  is  frequently  with- 
out any  regular  form.  Wallerius  calls  it 
white  cubic  ore  of  arfenic. 

Arfenic  is  likewife  found  in  the  ores  of 
cobalt,  antimony,  tin,  iron,  copper,  and 
filver. 

Pure  arfenic,  likewife  called  regulus  of 
arfenic,  is  of  a  blackifh  grey,  reflecting  the 
colours  of  the  rainbow.  It  is  very  ponde- 
rous and  friable.  Expofed  to  heat  in  clofe 
vefTels,  it  fublimes  without  decompofition, 
being  one  of  the  mofl:  volatile  among  me- 
tallic fubftances.  When  flowly  fublimed, 
it  cryftallizes  into  triangular  pyramids. 
Arfenic,  heated  with  contact  of  air,  be- 
comes very  quickly  calcined,  and  its  calces 
are  diflipated  in  the  form  of  white  fumes, 
with  a  very  ftrong  fmell  of  garlic.  The 
red  ore  of  arfenic  burns  with  a  very  per- 
ceptible flame,  of  a  blueifh  colour.  In  this 
combuflion,  it  combines  with  th^  bafe  of 
vital  air,  and  forms  the  compound,  knowa 
by  the  name  of  white  arfenic,  or  calx  of 
arfenic ;  and  by  this  procefs  it  is,  that  the 
E  e  3  arfenical 
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arfenical  ores  of  cobalt  afford  a  large  quan^ 
tity  of  white  fumes  when  in  the  furnace, 
which  are  condenfed  in  the  chimney,  in  the 
form  of  a  white,  ftratified,  ponderous,  femi- 
vitrified  calx,  known  in  commerce  by  the 
name  of  arfenic. 

Calx  of  arfenic  differs  effentially  from  all 
other  metallic  calces.  Its  tafle  is  very  ftrong, 
and  even  cauftic ;  and  it  is  one  of  the  moft 
violent  of  poifons.  Expofed  to  heat  in  clofe 
veffels,  it  rifes  in  the  form  of  a  white  cryf- 
tallized  powder,  called  flowers  of  arfenic  : 
if  the  heat  be  veryftrong,  a  very  tranfparent 
glafs  is  produced,  capable  of  cryftallizing, 
in  the  form  of  a  triangular  folid,  with  trun- 
cated angles.  This  glafs  quickly  tarnifhes 
in  the  air.  None  of  the  metallic  calces,  ex- 
cepting that  of  arfenic,  is  volatile  without 
addition.  It  is  alfo  very  fufible,  and  vitri- 
fiable.  Beccher  attributed  the  weight  and 
volatility  of  arfenic  to  a  peculiar  principle, 
which  he  called  mercurial,  or  arfenical 
earth,  the  exiftence  of  which  Stahl  was 
unable  to  prove. 

Arfenic,  in  the  reguline  ftate,  does  not 
aft  fenfibly  on  combuflible  bodies ;  but  the 
calx  and  glafs  of  arfenic  evidently  alter 
them,  and  at  the  fame  time  refume  the 
metallic  ftate.  Stahl  thought,  that  the 
phlogifton  loft  by  the  arfenic  in  calcination, 
is  reftored  by  the  combuflible  body.  The 
moderns,  on  the  contrary,  think,  that  the 
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calx  of  arfenic  is  a  compound  of  arfenic 
and  the  bafe  of  vital  air^  and  that  the  com- 
buftible  body,  by  depriving  it  of  this  prin- 
ciple, caufes  the  arfenic  to  refume  the  me- 
tallic flate.  To  reduce  the  calx  of  this 
femi-mctal,  it  is  pulverized,  and  made  into 
a  pafle  with  foft  foap,  which  is  put  into 
a  matrafs  on  a  fand  bath.  A  gentle  heat  is 
firft  given,  to  dry  the  oil  j  and  when  humid 
vapours  are  no  longer  exhaled,  the  fire  is 
raifed  to  fublime  the  arfenic.  The  matrafs 
being  broken,  is  found  to  contain,  in  its 
upper  part,  a  mafs,  polTeiTing  the  metallic 
brilliancy;  it  is  calx  of  arfenic.  Moil  of  the 
coal  of  the  oil  remains  at  the  bottom  of  the 
matrafs. 

Arfenic,  expofed  to  the  air,  becomes  fen- 
fibly  black.  The  vitrified  calx  of  arfenic 
lofes  its  tranfparency,  and  alfumes  a  milky 
colour. 

Arfenic  does  not  appear  to  be  attacked  by 
water,  but  its  calces  are  foluble  in  this 
menftruum,  in  a  quantity  fomewhat  greater 
when  heated  than  when  cold  \  the  folubility 
of  this  fubftance  likewife  varies,  accordingly 
as  it  has  been  more  or  lefs  perfectly  calcined. 
The  calx  of  arfenic,  by  flowly  evaporating 
its  folution,  affords  yellowifli  cryflals,  in 
triangular  pyramids.  No  metallic  fub- 
ftance we  are  acquainted  with,  is  fo 
largely  foluble  in  water  :   in  this  property, 
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and  alfo  in  its  ftrong  tafte,  it   refembles  far 
line  fubftances. 

Calx  of  arfenic  unites  with  earths  by  fur 
lion,  becoming  fixed  with  them,  and  acce- 
lerating their  vitrification;  but  all  theglafleSj^ 
into  which  arfenic  enters,  have  the  bad  qua- 
lity of  becoming  tarnifhed,  by  the  action  of 
the  air,  in  a  fhort  time.  The  adion  of  the 
falino-terreflrial  matters  on  arfenic,  or  its 
calx,  is  not  known.  Cauftic  fixed  alkalis, 
which  have  no  fenfible  adion  on  arfenic, 
difTolve  its  calx  very  well.  Macquer,  in  his 
valuable  Memoirs  on  this  fubjedt,  publiflied 
among  thofe  of  the  Academy  for  the  year 
1746,  has  obferved,  that  when  the  calx  of 
arfenic,  in  powder,  is  boiled  in  a  folution 
of  fixed  nitre,  or  of  a  vegetable  alkali  nearly 
cauftic,  it  is  difTolved  completely,  and  forms 
a  brown  gelatinous  fluid,  whofe  confiftence 
gradually  increafes.  This  compound,  to 
which  he  gives  the  name  of  liver  of  arfenic, 
does  not  cryftallize,  but  becomes  hard  and 
brittle;  it  is  deliquefcent  and  foluble  in 
water,  which  precipitates  fome  brown  flocks. 
When  urged  by  a  ftrong  fire,  the  arfenic  is 
diflipated.  It  is  decompofed  by  acids.  The 
mineral  alkali  exhibits  the  fame  phenomena ; 
but  its  folution  afforded  Macquer  irregular 
cryftals,  whofe  general  form  he  found  it  im« 
.pofiible  to  defcribe. 

The  vitriolic  acid,    even  when   concen- 
trated, does  not  attack  arfenic  in  the  cold ; 
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but.ifit;be  boiled  with  this  femi-metal,  in 
a  retort,  much  fulphureous  gas  comes  over, 
which  is  fucceeded  by  a  fmall  portion  of 
fulphur,  and  the  arfenic  is  found  calcined, 
but  Jipt  diflblved.  Concentrated  and  boil- 
ing oil  of  vitriol  likewife  diffolves  the  calx 
of  arfenic,  but  it  feparates  in  cooling,  in  the 
form  of  a  precipitate.  In  this  combination, 
it  acquires  a  confiderable  fixity ;  but  Buc- 
quet  affirms,  that  it  refumes  all  its  qualities, 
when  the  acid  is  w^aflied  off  by  water. 

The  nitrous  acid,  applied  to  arfenic,  ftrong- 
ly  attacks  and  calcines  it^  it  likewife  dif- 
folves a  confiderable  quantity  of  the  calx, 
by  the  affiftance  of  a  mild  heat.  Saturated 
with  either  of  thefe  fubftances,  it  preferves 
its  own  peculiar  fmell  j  when  flrongly  eva- 
porated, it  forms  a  fait,  which,  according 
to  Bucquet,  has  not  a  regular  form,  but 
is  by  Baume  affirmed  to  be  partly  cubi-" 
cal,  and  partly  fhaped  to  a  point,  like  dia- 
monds. VV^allerius  affirms,  that  its  cryftals 
refemble  lunar  nitre.  Nitre  of  arfenic  ftrong- 
ly  attrads  the  humidity  of  the  air  ;  does  not 
detonate  on  hot  coals ;  is  decompofed  nei- 
ther by  water  nor  by  acids  ;  and  affords  no 
precipitate  on  the  addition  of  alkalis.  The 
latter  neverthelefs  decompofe  it,  according 
to  Bucquet ;  fince  nitre  and  neutral  arfenical 
fait  are  obtained  by  evaporating  the  nitrous 
arfenical  folution,  with  the  previous  addition 
pf  alkaline   lixivium.      We  fliall  prefently 
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fee,  that  all  chemifts  were  for  a  time  cm- 
barnifTed  with  the  Angular  nature  of  the 
folutions  of  arfenic,  and.  its  calx,  in  acids, 
and  attempted  in  vain  to  difcover  what  hap- 
pens in  the  combination  of  this  calx  with 
the  nitrous  acid,  as  they  did  not  fufpeft 
that  the  arfenical  acid  is  produced. 

The  marine  acid,  affifted  by  heat,  diffolves 
arfenic  and  its  calces,  according  to  Bucquet, 
Thefe  combinations  may  be  precipitated  by 
fixed  or  volatile  alkalis.  Mr.  Baume  af- 
firms, that  the  regulus  diffolves  in  boiling 
marine  acid,  and  that  a  yellow  powder,  re-r 
fembling  fulphur,  is  precipitated.  Meffrs. 
Bayen  and  v."harlard,  in  their  inquiries 
refpeding  tin,  have  afcertained,  that  the 
marine  acid  does  not  a6t  on  arfenic  in  the 
cold,  and  fcarcely  at  all  when  heated. 

The  adion  of  other  acids  on  arfenic,  and 
its  calx,  are  not  known.  This  femi-metal, 
mixed  with  nitre,  and  thrown  into  a  red 
hot  crucible,  produces  a  ftrong  detonation. 
The  nitrous  acid  calcines  and  burns  the 
femi-metal ;  and  after  the  operation,  the 
crucible  is  found  to  contain  the  fixed  alka- 
line bnfe  of  the  nitre,  and  the  arfenic,  in  the 
form  of  a  calx  and  partly  combined  with 
the  alkali. 

If  equal  parts  of  calx  of  arfenic  and  nitre 
be  mixed  together,  and  expofed  to  diftilla- 
tion  in  a  retort,  very  red  vapours  of  fpirit  of 
nitre  come  over.     This  acid  cannot  be  con- 
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denied,  but  by  a  fmall  quantity  of  water  put 
into  the  receiver,  which  gives  it  a  blue  co- 
lour. Beccher,  Stahl,  and  Kunckel,  have 
defcribed  this  operation*  Macquer,  v/ho 
carefully  repeated  it,  having  examined  the 
refidue  to  which  thefe  chemifts  did  not  at- 
tend, difcovered,  that  it  is  formed  by  the 
combination  of  the  calx  of  arfenic  with  the 
alkali.  He  called  it  neutral  arfenical  fait. 
Mr.  de  Morveau  calls  it  arfeniate  of  pot-afh. 
This  fait  diifolved  in  water,  and  evaporated 
in  the  open  air,  affords  very  regular  cryftals 
in  tetrahedral  prifms,  terminated  by  py- 
ramids of  four  equal  fides  ;  the  form  of 
thefe  cryftals,  however,  fometimes  varies  • 

Neutral  arfenical  fait  expofed  to  heat, 
melts  readily,  and  remains  in  fufion,  with- 
out becoming  alkalized,  or  any  part  of  the 
calx  of  arfenic  being  driven  off.  It  is  not  (en- 
fibly  altered  by  the  aftion  of  air.  It  is  much 
more  foluble  in  water  than  pure  calx  of  arfe- 
nic, and  diffolves  more  plentifully  in  hot 
than  in  cold  water. 

It  is  not  decompofable  by  any  pure  acid, 
but  its  component  parts  may  be  feparated 
by.  the  way  of  double  affinity.  If  a  folution 
of  martial  vitriol  be  added  in  a  fmall  quan- 
tity to  a  folution  of  this  fait,  a  double  de- 
compofition  takes  place.  The  vitriolic  acid 
quits  the  iron  to  unite  with  the  alkali;  and 
the  calx  of  arfenic  unites  with  that  of  iron. 
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Combufllble  matters  readily  decompofe  the 
neutral  arfenical  fait. 

Calx  of  arfenic  likewife  decompofes  rhom- 
boidal  nitre  by  diftillation,  and  forms  with 
its  bafe  a  neutral  arfenical  fait  of  foda  ; 
which,  according  to  Macquer,  does  not 
greatly  differ  from  the  fait  laft  fpoken  of, 
and  cryftallizes  abfolutely  in  the  fame  man- 
ner. This  calx  produces  the  fame  effedt 
with  ammoniacal  nitre,  conftitufing  an  ar- 
fenico-ammoniacal  fait,  with  its  bafe.  It 
was  formerly  thought  that  this  operation  re- 
quired to  be  conducted  with  great  precau- 
tion, on  account  of  the  property  of  ammo- 
niacal nitre,  which  detonates  without  addi- 
tion in  clofe  veffels  :  but  Mr.  Pellctier  has 
proved,  th-at  it  may  be  made  without  danger 
even  in  the  quantity  of  feveral  pounds.  The 
difcovery  of  the  arfenical  neutral  fait  of 
Macquer,  was  a  prelude  to  the  difcovery  of 
the  arfenical  acid  ;  that  illuftrious  chemiil 
having  ken  and  obferved  that  the  calx  of 
arfenic  ad:s  as  an  acid  in  this  fait. 

Calx  of  arfenic  is  not  decompofed  by  ma- 
rine fait,  and  does  not  feparate  the  volatile 
alkali  from  fal  ammoniac,  but  with  great 
difficulty  ;  in  which  property  it  agrees  with 
the  regulus. 

The  adion  of  combuftible  mineral  mat-. 
ters  on  arfenic  has  not  been  examined.    The 
calx  feems  reducible  by  inflammable  gas  and 
plumbago,    which   have  a  ftronger  affinity 
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than  arfenic  with  the  oxyginous  principle 
or  bafe  of  air. 

Calx  of  arfenic  combines  very  well  with 
fulphur.  When  thefe  two  fubftances  are 
melted  together,  a  yellow  or  red  volatile 
body  is  produced,  which  has  a  weaker 
tafte  than  pure  arfenic,  and  is  not  fo- 
luble  in  water.  This  compound  is  called 
factitious  orpiment,  when  it  is  yellow,  and 
is  capable  of  cryftallizing  in  triangles  like 
the  glafs  of  arfenic;  when  red  it  is  called 
realgal,  realgar,  rizigal,  or  red  arfenic. 
Some  chemifts  have  thought  that  the  realgal 
does  not  differ  from  orpiment,  but  in  the 
larger  proportion  of  fulphur  it  is  fuppofed 
to  contain  :  but  Bucquet  has  proved,  that 
the  compound  of  fulphur  and  calx  of  ar- 
fenic is  red,  when  it  has  been  melted ;  no- 
thing more  being  neceffary  than  to  expofe 
orpiment  to  a  ftrong  heat,  in  order  to  con- 
vert it  into  realgar.  I  find  that  realgar  is 
much  lefs  volatile  than  orpiment,  fince  it 
remains  at  the  bottom  of  the  matrafs,  in 
which  the  mixture  of  calx  of  arfenic  and 
fulphur  has  been  fublimed,  where  it  has  the 
form  of  porous  red  lamina,  which  have  been 
manifeftly  fufed.  The  artificial  orpiment  and 
realgar,  do  not  differ  from  the  natural :  they 
are  decompofed  by  lime  and  alkalis,  which 
have  a  flronger  affinity  with  fulphur  than  the 
calx  of  arfenic  has.     This  calx,  neverthe- 
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lefs  has,  like  acids,  the  property  of  deconi'- 
pofing  liver  of  fulphur. 

All  the  properties  of  the  calx  of  arfenic 
prove,  that  this  femi- metallic  and  combuf- 
tible  fubftance  united  to  the  bafe  of  vital 
air,  affumes  the  charadlers  of  a  fait.  The 
theory  we  have  explained  in  treating  of  falts 
in  general,  appears,  therefore,  to  be  con- 
firmed by  thefe  experiments.  Macquer,  as 
I  have  already  obferved,  took  notice  in  the 
courfe  of  his  valuable  difcoveries  refpedling 
the  neutral  arfenical  fait,  that  the  metallic 
calx  performs  the  part  of  an  acid  in  this  fait. 
But  it  was  difficult  to  conceive,  why  the 
calx  of  arfenic  immediately  diflblved  in  al- 
kali, fliould  differ  fo  greatly  from  the  fame 
combination  made  by  the  decompofition  of 
nitre,  by  this  calx.  Mr.  Scheele,  reafoning 
from  the  difcovery  of  the  marine  acid,  which 
he  calls  dephlogifticated,  imagined,  that  the 
fame  thing  happens  when  nitre  is  diftilled 
with  calx  of  arfenic.  He  thinks  that  the 
nitrous  acid  feizes  the  phlogifton  ftill  remain- 
ing in  the  calx,  and  that  the  calx  when  de- 
prived of  this  laft  portion,  becoijies  con- 
verted into  a  peculiar  acid,  which  he  calls 
the  arfenical  acid.  The  Academicians*  of 
Dijon  have  adopted  this  opinion.  The  great 
chemift  of  Upfal  confirmed  his  affertion,  by 
preparing  the  arfenical  acid  by  procefTes 
iimilar  to  thofe  ufed  in  obtaining  the  de- 
phlogifticated marine  acid.      One  of  thefe 

confifts 


ARSENIC.  447 

confifts  in  diftilling  a  mixture  of  dephlo- 
gifticated  marine  acid  and  calx  of  arfenic. 
The  marine  acid,  according  to  him,  feizes 
the  phlogiflon  of  the  calx,  which  then  paffes 
to  the  acid  ftate.  The  arfenical  acid  is 
likewife  prepared  by  diftilling  fix  parts  of 
nitrous  acid  from  one  of  the  calx.  Much 
nitrous  gas  is  produced,  and  the  calx  of  ar- 
fenic affumes  the  charadlers  of  an  acid  ;  il 
muft  be  expofed  for  a  confiderable  time  to 
heat,  in  order  to  difengage  all  the  fupera- 
bundant  nitrous  acid.  The  facSs  here  re- 
lated, are  greatly  in  favour  of  the  modern 
do6lrine.  On  the  one  hand,  it  is  difficult, 
according  to  Stahl,  to  lliew  that  calx  of  ar- 
fenic contains  phlogifton  ;  and  on  the  ether, 
nothing  is  more  eafily  conceived,  according 
to  the  new  theory,  than  the  tranfition  of 
this  calx  to  the  acid  ftate,  by  the  ad;ion  of 
fpirit  of  nitre,  or  the  dephlogifticated  ma- 
rine acid  of  Scheele.  The  calx  of  arfenic 
appears  to  have  a  ftrong  affinity  with  the 
oxyginous  principle,  with  which  it  is  not 
faturated  ;  when  it  is  diftilled  with  the  ni- 
trous, or  with  the  dephlogifticated  or  ae- 
rated marine  acid,  it  feizes  the  oxyginous 
principle  contained  in  either.  The  more  of 
this  principle  it  contains,  the  nearer  it  ap- 
proaches to  the  nature  of  faline  lubftances ; 
and  when  it  is  intirely  faturated,  it  aflumes 
all  the  charadters  of  acids,  which,  as  w^e 
have   proved,    are    combuftible    fubftances 
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combined  with  the  bafe  of  vital  air,  to  which" 
they  owe  their  falihe properties.   This  theory 
very  happily  explains  why  the  calx  of  arfe- 
nic  not  faturated  with  air,  but  in  the  flate' 
of  fimple  calcination  by  fire,  does  not  form' 
the  neutral  arfenical  fait  of  Macquer ;  and 
why  it  cannot  conftitute  that  fait  till  it  has 
been   previoufly    treated  with   acids  ;    from 
which,    by  the   affiftance  of  heat,  it  takes 
the  oxyginous  principle. 

The  arfenical  acid  differs  greatly  from  the 
common  calx  of  arfenic.  Its  tafte  is  flronger; 
it  is  fixed  in  the  fire ;  fo  that  the  difference 
with  refpedl  to  volatility,  affords  a  method 
of  accurately  feparating  from  this  acid  the 
portion  of  arfenical  calx  it  may  contain. 
Its  fixity, when  treated  with  the  vitriolic  acid, 
is  doubtlefs  a  confequence  of  its  approach 
to  the  acid  flate.  It  is  capable  of  being 
converted  into  a  tranfparent  glafs  by  fufion ; 
in  which  melted  flate,  it  adts  as  a  flux  on 
earthy  fubflances,  and  appears  to  be  capa- 
ble even  of  corroding  glafs.  It  flightly 
reddens  blue  vegetable  colours.  I  have  ob- 
ferved,  that  by  expofure  to  air,  it  lofes  its 
tranfparency,  and  fcales  off  in  fragments, 
which  are  often  pentagonal,  and  gradually 
attradl  humidity.  It  is  foluble  in  two  parts 
of  water,  and  readily  combines  with  lime, 
but  more  difficultly  with  ponderous  earth 
and  magnefia.  When  united  with  alkalis, 
it   forms    neutral    falts,    decompofable    by 
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lime,  according  to  Bergman.  Barytes  and 
magnefia  appear  like  wife  to  have  a  ftronger 
affinity  with  this  acid  than  alkalis,  accord- 
ing to  the  fanie  chemifl.  Many  experi- 
ments remain  yet  to  bp  made  for  the  dif- 
covering  of  all  the  properties  c^  the  arfenical 
acid.  Mr.  Pelletier  has  prepared  this  acid, 
by  decompofing  ammoniacal  nitre  by  calx 
ofarfenic;  the  ammoniacal  ^rfeniate  which 
is  produced,  gives  out  its  volatile  alkali  by 
heat;  and  by  the  continued  ai5lioh»of  fire 
the  arfenical  acid'  will  remain  pute  and 
difengaged  at  the  bottom  of  the   retoft^ 

Bergman  obferves,  that  the  fpepi-fSc^  gra- 
vity of  arfenic  varies  greatly  fxprn  Tt-s  'me- 
tallic to  its  acid  ftate.  The  fd-llov^ng  are 
given  by  him  :  Regulus  of  arfenic,  8,  ;o8  ; 
glafs  of  arfenic,  5,000;  white  calx  of  arfe- 
nic,  3,700;   arfenical  acid,    ^,391. 

Arfenic  is  ufed  in  feveral  arts,  more  efpc^ 
cially  in  dying.  The  neutral  arfenical  filt 
is  likewife  uied;  and  M.  Baume  has  long 
prepared  it  for  manufactories.  The  facility 
with  which  the  calx  of  arfenic  diffolves  in 
water,  and  in  all  aqueous  fluids,  renders  it 
the  more  dangerous,  as  it  is  highly  poifon- 
ous,  and  may  be  very  eafily  conveyed  in 
fuch  fluids.  The  following  fymptoms  de- 
note that  a  perfon  has  been  poifoned  with 
arfenic  :  The  mouth  is  dry,  the  teeth  fet 
on  edge,  and  the  throat  contracted;  the 
patient  fpits  involuntarily,  has  a  ftrong  fenfe 
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of  pain  at  the  ftomach,  great  thirft,  ficknefs, 
vomiting  of  mucous  and  bloody  matter,  ex-, 
cruciating  cholics,  cold  fweats,  convulfions, 
and  foon  after,  death.  An  examination  of 
the  fufpedled  food,  will  foon  fhew  whether 
it  contains  the  poifon  of  arfenic.  If  a  por- 
tion be  previoully  dried,  and  thrown  on  hot 
coals,  a  white  fume  arifes  of  a  garlic^like 
fmell. 

It  was  formerly  ufual  to  give  mucilagi- 
nous drinks,  or  milk,  or  mild  oils,  in  large 
dofes,  to  perfons  poifoned  by  arfenic,  with 
the  intention  of  relieving  the  vifcera,  and 
carrying  off  the  greater  part  of  the  arfenic. 
Navier,  a  phyfician  of  Chalons,  who  has 
made  inquiries  concerning  the  beft  remedies 
againft  the  poifon  of  arfenic,  has  difcovered 
a  fubftance  which  combines  with  it  in  the 
humid  way,  and  deftroys  the  greateft  part 
of  its  cauilicity.  This  fubftance  is  the  cal- 
careous or  alkaline  liver  of  fulphur,  and  is 
ftill  better  adapted  to  the  intention,  when 
it  holds  a  fmall  quantity  of  iron  in  folution. 
When  this  martial  hepar  is  poured  into  a 
folution  of  arfenic,  it  is  decompofed  with- 
out emitting  any  fmell  ;  becaufe  the  arfenic 
combines  with  the  fulphur,  and  forms  orpi- 
ment;  and  at  the  fame  time  unites  with  the 
iron.  Navier  prefcribes  a  drachm  of  the 
liver  of  fulphur  in  a  pint  of  water,  which 
he  direcSs  to  be  taken  a  glafs  at  a  time  ;  or 
five  or  fix  grains  of  dry  liver  of  fulphur  may 
be  given  in  pills,    a  glafs  of  warm  v/ater 

being 
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being  taken  after  each  pill.  When  the  firft 
iymptoms  are  diflipated,  he  advifes  the  ufe 
of  fulphureous  mineral  waters ;  experience 
having  fhewn  him,  that  they  are  very  effica- 
cious in  removing  the  tremors  and  paraly- 
tic affedtions,  v^'hich  ufually  remain  after 
arfenic  has  been  taken,  and  often  bring  on 
confumptions,  that  terminate  in  death. 
Navier  likewife  approves  the  ufe  of  milk, 
becaufe  it  difTolves  arfenic  as  well  as  water 
does ;  but  he  condemns  the  ufe  of  oils  for 
the  contrary  reafon. 


CHAP.      VIIL 

Concerning  Cobalt. 

/^  OB  ALT,  or  cobolt,  is  a  femi-metal 
^^  of  a  reddifli  white  colour,  and  clofe 
grain,  fo  brittle  as  to  be  eafily  reduced  into 
powder  by  the  peftle.  Weighed  in  water, 
it  lofes  about  the  eighth  of  its  weight;  its 
fpecific  gravity  is  about  7,700,  according  to 
Bergman.  It  cryftallizes  in  aggregates  of 
needles  placed  one  on  the  other. 

Cobalt  has  never  been  found  pure  and  na- 
tive,   but  it  is  almoft  always  calcined  and 
united  with  arfenic,  the  arfenical  acid,  ful- 
phur,  iron,    &c.     The    following    are   the 
F  f  2  principal 
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principal  ores  of  cobalt,  diflinguiflied  accor- 
ding to  their  component  parts,  by  Berg- 
man and  Mongez. 

1.  Native  cobalt,  combined  with  arfenic. 
This  ore  is  folid,  grey,  ponderous,  has  little 
brilliancy,  and  is  granulated  in  its  fracflure.  It 
gives  fparks  with  fteel,  and  becomes  black 
in  the  fire.  The  nitrous  acid  diffolves  it 
with  efFervefcence  ;  and  it  forms  a  fympa- 
thetic  ink  with  the  muriatic  acid. 

2.  Cobalt  in  the  calciform  ftate.  This 
ore,  which  appears  to  confift  of  cobalt  cal- 
cined by  an  acid,  is  ufually  of  a  blackifli 
grey,  fometimes  fimilar  to  lamp-black,  of- 
ten friable  and  pulverulent ;  it  foils  the 
fingers.  When  compad,  its  fradure  pre- 
fents  rofe-coloured  fpots ;  it  fometimes  re- 
fembles  fcoriae  or  glafs,  whence  it  has  been 
called  vitreous  ore  of  cobalt,  by  fome  natu- 
ralifts.  This  ore  does  not  contain  arfenic 
when  it  is  pure,  but  is  frequently  mixed 
with  martial  ochre. 

3.  Cobalt  united  to  the  arfenical  acid  : 
flowers  of  cobalt,  red,  rofe-coloured,  or  the 
colour  of  peach  bloifoms.  The  arfenical 
acid  difcovered  in  it  by  Bergman  and  Mon- 
gez, give  it  this  colour.  This  ore  is  either 
in  maffes,  in  powder,  in  a  ftriated  efiloref- 
cence,  or  in  four-fided  prifms,  with  fum- 
mits  of  two  faces.  Its  colour  is  deftroyed 
by  fire,  in  proportion  as  the  arfenical  acid 
is  diffipated. 

■    4.  Cobalt 
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4.  Cobalt  united  to  iron,  and  the  vitrio- 
lic acid  :  fpecular  ore  of  cobalt ;  it  is  very 
improperly  called  fulphureous  cobalt,  fince 
it  does  not  contain  fulphur,  but  a  fmall 
proportion  of  vitriolic  acid.  This  ore  is 
w^hite,  or  grey,  and  very  brilliant.  It  is 
the  richeft  of  any,  and  often  gives  fire  v/ith 
the  fteel. 

5.  Cobalt  united  to  fulphur,  arfenic,  and 
iron.  This  mineral  is  called  white,  or  grey 
cobalt  ore.  It  is  of  a  whitifh  grey,  cryflal- 
lized  in  cubes,  either  intire,  or  truncated 
fo  as  to  form  folids  of  fourteen,  eighteen, 
or  twenty-fix  facets.  Its  frafture  is  lamel- 
lated,  and  fpathofe  ;  it  fometimes  has  den- 
drites on  its  furface,  refembling  fern ;  in 
this  ftate  it  is  called  knit  cobalt.  The  white 
ores  of  cobalt  are  frequently  without  any 
regular  cryftallization ;  but  they  are  always 
known  by  their  whitifli  grey  colour,  their 
weight,  which  is  lefs  than  that  of  the  pre- 
ceding ores,  and  by  the  red  efflorefcence  they 
almoft  always  have  on  their  furface. 

To  affay  cobalt  ores,  pounding,  wafhing, 
and  roafting,  muft  be  ufed.  The  cobalt 
remains  in  a  ftate  of  black  calx,  more  or 
lefs  deep  with  refpecfl  to  colour;  this  is 
mixed  with  three  parts  of  black  flux,  and  a 
fmall  quantity  of  decrepitated  marine  fait  ; 
the  fuiion  is  performed  by  a  forge  heat  in  a 
covered  crucible,  which  muft  be  {lightly 
agitated  to  precipitate  the  metal  as  foon  as 
F  f  3  the 
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the  fufion  is  complete.  The  metallic  button 
is  fometimcs  found  to  confift  of  two  diftindt 
fubftances,  cobalt  being  uppermoft,  and 
bifmuth  beneath ;  a  ftroke  of  the  hammer 
readily  feparates  them. 

Modern  mineralogifts,  efpecially  Bergman 
and  Kirwan,  propofe  to  affay  cobalt  ores  by 
the  nitrous  acid.  The  cobalt  and  the  iron 
are  by  this  means  diflblved,  and  are  preci- 
pitated by  the  addition  of  cretaceous  foda ; 
the  cobaltic  precipitate  is  to  be  afterwards 
diflblved  by  the  acetous  acid.  SchefFer  ad- 
vifes  trying  the  colouring  quality  of  cobalt 
ores,  by  fuiion  with  three  parts  of  vegetable 
alkali,  and  five  of  powdered  glafs. 

In  the  large  works,  cobalt  is  not  extrafted 
in  the  metallic  form  :  after  pounding  and 
wafhing  the  cobalt  ore,  it  is  roafl:ed  in  a  fur- 
nace, which  terminates  in  a  long  horizontal 
flue,  that  ferves  inft:ead  of  a  chimney.  In 
this  flue,  the  calx  of  arfenic  being  fub- 
limed,  becomes  condenfed  into  the  femi- 
vitrified  fubftance,  which  is  improperly  called 
white  arfenic.  If  the  ore  contain  bifmuth,  this 
very  fufible  metal  is  collected  at  the  bottom 
of  the  furnace;  the  cobalt  remains  in  the 
ftate  of  an  obfcure,  grey  calx,  called  zafire. 
The  zafire,  in  commerce,  is  never  pure,  but 
is  mixed  with  three  times  its  weight  of  pul- 
verized fiints.  In  this  ftate,  if  it  be  expofed 
to  a  ftrong  fire,  it  melts  into  a  glafs,  of  a  dark 
blue  colour,  called  fmalt.     This  is  reduced 

to 
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to  powder  In  mills,  and  mixed  with  water. 
The  firfl  portion  which  falls  down,  is  the 
largeft  grained,  and  is  called  coarfe  fmalt :  the 
turbid  water  being  decanted  off,  affords  a 
fecond  precipitate  j  and  this  decantation  is 
repeated  four  times  in  the  whole :  the  laft  de- 
pofition, which  is  finer  than  the  reft,  is  impro- 
perly called  azure  of  four  fires.  This  azure 
is  uled  in  many  arts,  to  give  a  blue  colour 
to  metals,  glaffes,   &c. 

The  zaffre  of  commerce,  fufed  with  three 
times  its  weight  of  black  flux,  a  fmall  quan- 
tity of  tallow,  and  marine  fait,  affords  the 
femi-metal,  known  by  the  improper  name 
of  regulus  of  cobalt.  The  reduction  of  zaffre 
is  very  difficult.  A  large  quantity  of  flux 
muft  be  ufed,  and  the  crucible  muft  be  kept 
a  confiderable  time  in  a  white-red  heat, 
that  the  matter  may  become  very  fluid, 
and  that  the  fcoria  may  be  completely 
fufed  into  a  blue  glafs  :  at  this  period  the 
cobalt  finks  to  the  bottom,,  in  the  form  of 
a  button. 

Cobalt,  expofed  to  heat,  does  not  melt 
till  it  is  well  ignited.  This  femi-metal  ap- 
pears to  be  very  fixed  in  the  fire,  and  it  is 
not  known  whether  it  can  be  volatilized  in 
clofe  veffels.  If  it  be  fuffered  to  cool  flow- 
ly,  it  cryftallizes  in  needle-formed  prifms, 
placed  one  on  the  other,  and  united  in  bun- 
dles.     It  confiderably   refembles  maffes  of 

F  f  4  bafaltes. 
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bafaltes,  which  are  feparated  from  each  othef, 
as  Mr.  Mongez  obferves.  To  fucceed  in 
this  cryftallization,  the  cobalt  muft  be  melted 
in  a  crucible,  till  it  appears  to  boil ;  and 
when  the  furface  of  the  femi-metal  becomes 
fixed  on  withdrawing  it  from  the  fire,  the  vef- 
fel  is  to  be  inclined.  Themetal^  which  flill  re- 
mains fluid,  runs  out  j  and  that  portion  which 
adheres  to  the  fides  of  the  kind  of  geodes, 
formed  by  the  cooling  of  the  furface  of  the 
cobalt,  is  found  to  be  covered  with  cryflals. 

Cobalt,  melted  and  expofed  to  the  air, 
becomes  covered  with  a  dull  pellicle,  which 
is  a  calx  of  the  femi-metal,  formed  by  its 
combination  with  the  bafe  of  vital  air.  A 
larger  quantity  of  the  calx  of  cobalt  may 
be  more  eafily  had,  by  expofing  the  pulve- 
rized femi-metal,  in  a  {hallow  vefTel,  under 
the  muffle  of  a  cuppelling  furnace,  and  flir- 
ring  it  up,  from  time  to  time,  to  renew  the 
calcining  furface.  This  powder,  after  re- 
maining ignited  for  fome  time,  lofes  its  bril- 
liancy, increafes  in  weight,  and  becomes 
black.  This  calx  requires  a  mofl  violent  heat 
to  convert  it  into  glafs,  which  is  then  of  a 
deep  blue  colour. 

Cobalt  becomes  flightly  tarnifhed  by  ex- 
pofure  to  air,  and  is  not  attacked  by  water. 
It  does  not  unite  with  earths,  but  its  calx 
combines  with  them,  by  fulion,  and  forms 
a  beautiful  blue  glafs,  extremely  fixed  in  the 
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fire.  This  property  of  the  calx  of  cobalt, 
renders  it  of  the  greateft  ufe  in  the  art  of 
painting  in  enamel,  on  porcelain,  &c. 

The  a6lion  of  ponderous  earth,  magnefia, 
and  lime,  on  cobalt,  is  not  known.  Al- 
kalis manifeftly  alter  it ;  but  thefe  changes 
have  not  been  accurately  defcribed. 

This  femi-metal  diffolves  in  all  the  acids, 
but  with  different  phenomena,  according  to 
its  own  ftate  and  that  of  the  acid. 

Cobalt,  in  the  metallic  ftate,  is  not  fo- 
luble  in  vitriolic  acid,  unlefs  it  be  concen- 
trated and  boiled.  This  folution  is  made 
in  a  glafs  phial,  or  retort :  when  the  acid 
is  almoft  intirely  evaporated,  in  the  form  of 
fulphureousgas,  the  refidue  mull  bewafhed; 
a  portion  diffolves  in  the  water,  and  com- 
municates a  rofy,  or  greenifh  colour  :  it  is 
the  vitriol  of  cobalt.  The  other  part  con- 
fifts  of  cobalt,  calcined  by  the  acid,  whofe 
oxyginous  principle  has  combined  with  the 
femi-metal.  M.  Baume  affirms,  that  by 
fufficiently  evaporating  the  vitriolic  folution 
of  cobalt,  two  forts  of  cryftals  are  obtained 
by  cooling :  the  one  white,  fmall,  and  cu- 
bical ;  the  other  greenifh,  quadrangular,  fix 
lines  in  length,  and  four  in  breadth.  He 
confiders  thefe  laft  as  the  vitriol  of  cobalt. 
The  former  are  produced  by  certain  foreign 
matters,  united  to  the  cobalt.  The  cryflals 
of  the  vitriol  of  cobalt  mofl  commonly  ob- 
tained. 


458  COBALT. 

tained,  have  the  form  of  fmall  needles,  de- 
fcribed  by  Mr.  Sage  as  tetrahedral-rhom- 
boidal  prifms,  terminated  by  a  dihedral  fum- 
mit,  with  rhombic  faces.  They  are  decom- 
pofable  by  fire,  and  leave  a  calx  of  cobalt, 
not  reducible  alone.  Ponderous  earth,  mag- 
nefia,  lime,  and  the  three  alkalis,  likewife 
decompofe  this  fait,  and  precipitate  the  calx 
of  cobalt,  100  grains  of  cobalt,  diflblved 
in  the  vitriolic  acid,  afford,  by  the  addition 
of  pure  foda,  about  140  grains  of  precipi- 
tate^ and  by  cretaceous  foda,  160  grains. 
This  augmentation  depends  on  the  oxygi- 
nous  principle  of  the  vitriolic  acid,  which 
is  united  to  the  cobalt ;  and  in  the  fecond 
cafe,  likewife  on  the  cretaceous  acid,  which 
combines  with  the  calx  of  cobalt.  The  vi- 
triolic acid,  diluted  with  water,  adts  on 
zaffre,  and  diffolves  a  portion,  with  which 
it  forms  vitriol  of  cobalt. 

The  nitrous  acid  diflblves  the  regulus  of 
cobalt,  with  effervefcence,  by  the  affiflance 
of  a  gentle  heat ;  nitrous  gas  is  difengaged, 
in  proportion  as  the  oxyginous  principle  of 
the  acid  unites  with  the  cobalt.  When  the 
folution  is  nearly  faturated,  it  is  either  of  a 
rofy  brown,  or  bright  green  colour.  By  a 
flrong  evaporation,  it  affords  nitre  of  cobalt, 
in  fmall  needles,  joined  together.  This  fait  is 
very  deliquefcent,  boils  up  on  hot  coals, 
without  detonating,  and  leaves  a  deep  red 
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calx.  It  Is  decompofed  by  the  fame  faline 
intermediums  as  the  vitriol  of  cobalt.  If 
more  alkali  be  added  in  thefe  decompofitions, 
than  is  necefTary  to  precipitate  the  cobalt, 
the  precipitate  difappears,  by  folution  ia 
the  excefs  of  alkali. 

The  muriatic  acid  does  not  diffolve  cobalt 
in  the  cold,  but  takes  up  a  portion  by  the 
affiftance  of  heat.  This  acid  adts  more 
ftrongly  on  zafFre,  forming  a  folution  of  a 
red  brown,  which  becomes  green  when 
heated.  By  evaporation,  it  affords  a  cryf- 
tallized  fait,  in  fmall  needles,  very  deliquef- 
cent,  which  becomes  green  when  heated, 
and  is  foon  after  decompofed. 

Aqua  regia  diffolves  cobalt  rather  more 
eafily  than  the  muriatic,  but  lefs  fo  than  the 
nitrous  acid.  This  folution  has  been  long 
known  as  a  fympathetic  ink,  which  is  not 
vifible  unlefs  heated,  in  which  cafe  it  be- 
comes of  a  beautiful  fea-green,  that  difap- 
pears in  proportion  as  the  paper  becomes 
cold.  This  property  belongs  to  the  folution 
of  the  cobalt  in  the  muriatic  acid ;  and  the 
nitrous  acid  of  the  aqua  regia  only  facilitates 
its  folution  and  fufpenlion.  It  was  formerly 
thought,  that  the  green  colour,  produced 
by  heat  in  the  fympathetic  ink  of  cobalt, 
arofe  from  the  metallic  fait  being  cryftal- 
lized,  and  afterwards  attracfling  a  fufficient 
quantity  of  water,  from  the  cold  air,  to  dif- 
folve 
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folve  It,  and  caufe  it  to  difappear  intirely  j 
but  it  is  proved,  that  the  marine  fait  of  co- 
balt, diffolved  in  water,  affumes  the  fame 
colour  when  expofed  to  a  certain  degree  of 
heat. 

The  acid  of  borax  does  not  diflblve  cobalt 
immediately  5  but  when  a  folution  of  borax  is 
mixed  with  a  folution  of  the  femi-metal,  in 
one  of  the  foregoing  acids,  a  double  decom- 
pofition  takes  place.  The  foda  unites  with 
the  acid  which  held  the  metallic  calx  in 
folution,  and  the  calx  combining  with  the 
acid  of  borax,  forms  a  precipitate,  which 
may  be  feparated  by  filtration. 

Cobalt  has  no  ad;ion  on  moft  of  the  neu- 
tral falts.  Heated  with  nitre,  it  becomes 
calcined.  If  a  mixture  of  one  part  of  cobalt, 
in  powder,  and  two  or  three  parts  of  dry 
nitre,  be  thrown  into  a  red-hot  crucible,  a 
ftrong  detonation  does  not  follow,  but  fmall 
fcintillations  are  very  evidently  fctn.  A  por- 
tion of  the  cobalt  is  found,  converted  into  a 
calx,  of  a  red  colour,  more  or  lefs  deep,  and 
fometimes  of  a  green.  This  experiment,  as 
well  as  many  others,  relating  to  the  detona- 
tion of  nitre  with  metallic  fubflances,  de- 
ferves  to  be  more  particularly  attended  to. 

Cobalt  does  not  decompofe  fal  ammoniac. 
Bucquet,  who  made  this  experiment  with 
great  care,  did  not  obtain  a  particle  of  vo- 
latile alkali ;  a  circumftance  which  no  doubt 
depends    on    the  fmall   degree   of    affinity, 

which 
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which   exifts  between  this  feml-metal  and 
the  muriatic  acid. 

The  adrion  of  inflammable  gas  on  cobalt 
is  not  known.  Sulphur  unites  very  diffi- 
cultly with  this  fubflance  i  liver  of  fulphur 
favours  this  combination,  and  produces  a 
kind  of  artificial  ore,  of  a  finer  or  clofer 
grain,  and  of  a  whiter  or  yellower  colour, 
in  proportion  to  the  quantity  of  fulphur  in 
the  combination.  M.  Baume,  who  has  given 
an  excellent  account  of  this  compound,  in 
the  fecond  volume  of  his  Chemiftry,  ob- 
ferves,  that  it  is  not  decompofable  by  acid, 
and  that  fire  is  not  capable  of  feparating  all 
the  fulphur. 

Cobalt  is  not  ufed  in  its  metallic  ftate; 
its  calx,  as  we  have  obferved,  is  applied  to 
give  a  blue  colour  to  glafs,  enamel,  pottery, 
and  other  fubftances  of  the  like  nature. 


End  of  Volume   the  Second, 
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